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3. To do the scone otherwise* 

From the given point A, with 
any convenient radius, describe the 
arc dch; fiom d, cut the arc in c, 
and from c, cut the are in h ; also, 
from c and b as centres, describe 
arcs cutting each other mt; then 
will the line A t be the perpendic- 
ular as required. 



Note. — When the three sides of a triangle are in the propor- 
tion of S^ 4y and A equal parts^ respectively, two of the sides 
form a nght aagW) sud oDserve that in each of these or tlie 
preceding problems,^ Uua perpendiculars may be continued be- 
low the given lines, ifnecessarily required* 



4. To bisect <xn^ given angle* 

From the point, A as a centre, with 
any radius less than the extent of the 
angle, deeeribe an arc, as c d; and 
from c and d as centres, describe arcs 
cutting each othev at b; then will 
the line A 6 bisect the angle as re- 
quired. 



5. Tojhtd the centre of a cvrde^ or radiuSj that shtM 
cvt any mree given points^ not in a direct line. 

From the middle point 6 as a 
centre, with any radius, eis b c^b dj 
describe a portion of a circle, as 
c sd; and from r and t as centres, 
with an equal radius, cut the por- 
tion of the circle in c 9 and d s; 
draw lines through where the arcs 
cut each other ; and the intersection 
of the lines at s is the centre of the 
circle as required. 





F&ACTICAL OEOUSTBr. 

Ksect 6nj chord in the circle, aa 
A B, by a perpendicular, C D; bi- 
sect also Uie diameter E D in /; 
■nd the utersection of the lines at 
/ is the centre of the circle re- 
quired. 



Witfa tJie radjiu A C, 
eqnal to itb the length of 
the chord of the arc A ^ 
and from A aa a centre, '' 
cut the arc in c ; also from B as a centre, with equal 
radiua, cut the chord m 6; draw the line C 6 ^ -tkI 




Let the eiren point be at A: 
draw the fine A C, on which 
describe the semicircle A D Cj 
draw the line A D B, cutting the 
circumference in D, which is the 
tangent as K<]uired. 



9. Todrawjrotn or lo the dramfennet of a dnU 
knts ItJuSng toiiarib Sie centre, tehcn Ihe centre w tiwc- 

Divide the whole or any given portion of the cir- 
cnmference into the deeired number of equal parts ; 
then, with any radius less than the distance of two 
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divisione, describe arcs cutting each other, as A 1 

B 1, C 2, D 2, &c.; 

draw the lines C 1, 

B 2, D 3, &c., which 

lead to the centre as 

required. 

To draio the end line8» 

As A r, F r, from C describe the arc r, and with the 
radius C 1, from A or F as centres, cut the former axes 
at r, or r, and the lines A r, F r, will tend to the centre 
as required. 

10. To describe an arc, or segment of a drckj of 
large radii. 

Of any suitable material, construct a triangle, as A 
B C; make A B, B C, each equal in length to the 
chord of the arc D E, and height, twice that of the arc 




c:^=^ 



B 6. At each end of the chord D E fix a pin^ and at 
B, in the triangle, fix a tracer, (as a pencil,) move the 
triangle along the pins as guides ; and the tracer will 
describe the arc required. 

11. Or otherwise. 

Draw the chord A C B ; also draw the line H D 
I, parallel with the 
chord, and equal to 
the height of the 
segment; bisect the 
chord in C, and 
erect the perpen- 
dicular C D ; jpin A D, D B ; draw A H perpendicular 
to A D, and B I perpendicular to B D ; erect also the 
perpendiculars A n, B n ; divide A B and H I into any 
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nomber of equal parts ; draw the lines 1 1, 2 3, 3 9^ 
&c. ; likewise divide the lines A n, B n, each into half 
the number of equal ' parts ; draw Unes to D from each 
division in the lines A n, B n, and, through where they 
intersect the former lines, describe a curve, which will 
be the arc or segment required. 

12. To describe an eUipse^ having the two diameters 
giveru 

On the intersection of the 
two diameters as a centre, with 
a radius equal to the difference 
of the semi-diameters, describe 
the arc a b; and from 6 as a 
centre, with half the chord be a, 
describe the arc cd; from o, as 
a centre, with the distance o df 
cut the diameters mdr,dt; draw the lines r, s, s^ and 
tfSjS; then from r and t describe the arcs s, s, Sy s; 
also from d and d, describe the smaller arcs Sy s, s, s, 
which will complete the ellipse as required. 

13. To describe an elliptic carch, the loidth and rise of 
span being given. 

Bisect with a line at right 
angles the chord or span A 
B; erect the perpendicular A 
q, and draw the line q D 
equal and parallel to A C; 
bisect A C and A qin r and 
It ,* make C I equal to C D, 
and draw the line Irq; draw 
also the line nsD; bisect s 
D with a line at right angles, 
and meeting the line C D in 
g ; draw the line g q^ make C P equal to C X;, and draw 
the line gV i; then from g as a centre, with the radius 
g D, describe the arc # D i; and from k and P as cen- 
tres, with the radius A ft, describe the arcs A s and B i, 
ifhich completes the arch as required. Or^ 
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14 Bisect the chord A B, and fix at right angles ai^ 
ttraight guide, as 5 e ; pre- 
pare, of any suitable mate- 
rial, a rod or staff, equal to 
half the chord's length, as 
d ef; from the end of the 
Btan, equal to the height 
of the arch, fix a pin e, 
and at the extremity a 
tracer/; move the stafl^ 
keeping its end to the 
guide and the fixed pin to the chord ; and the tracer 
will describe one half the arc required. 

15. To describe a partiboUt, the dimensums being 
given. 

Let A B equal the length, and C D the breadth of 
the required parabola ; divide C A, C B into any num- 





ber of equal parts ; also divide the perpendiculars A a 
and B 6 into the same number of equal parts; then 
from a and b draw lines meeting each division on the 
line A C B ; and a curve line drawn through each inter- 
section will form the parabola required. 

16. 3^0 obtain by measurement the length of any direct 
line, though intercepted by aom/e material objeeL 

Suppose the 
distance be- 
tween A and B 
is required, but 
the right line is 
intercepted by 
the object U. 
On the point d, 
with any con- 




from d ot t, erect a perpendicular i 
meeting the circumference of the / 
circle, as d B ; drnw A B and B C, I 
also A D equal to B C, and D C equal 
to A B, and the rectangle wilt be a 
section of the beam as required. 



Prom any point C draw a 
any line C c, and bisect it ' 
in D ; take any point E in 
the proloneation of A C, and 
dmw the line B e, making 
D e equal to D E ; in like 
manner take any point F in 
the prdoDgation of B C, and 
make D / equal to P D. 
Produce A D and e e tjll 
they meet in tt, and also B 
Dand/c till they meet ia 
b; dien a b equal A B, or 
ae diBlaitcs between the 
' o^eobMnquind. 
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19. To a$certain the distance^ geometricalb/^ ^OMf 
moocem&fe otQed on an equal plane. 

Let it be required to find the 
' distance between A and B, A 
being inaccessible; produce the 
line in the direction of A B to 
any point, as D ; draw the line D 
d at any angle to the line A B ; 
bisect the line D rf, through which 
draw the line B 6, making c b 
•qual to B c ; draw the line dha; 
also through c, in the direction c 

A, draw the line a c A, intersect- 
ing the line dha; then 6 a equal 
B A, the distance required, 

20. Olhenoise. 

Prolong A B to any point 
D, making B C equal to C 
D ; draw the line Da at any 
angle with D A, and tiie line 
C b similar to B c ; draw also 
the line D E F, which inter- 
sects the line Da; then o 6 
equal B A, or the distance 
required. 

21. To find the proper position for an eccentric^ in 
relation to the crank in a steam engine, the angle of 
eccentric rod, and travel of the valve, being given. 

Draw the right line A 

B, as the situation of the 
crank at commencement 
of the stroke; draw also 
the line C </, as the proper 
given angle of eccentric 
rod with the crank; then 
fix>m C as centre, describe 

a circle equal to the travel a 

ofthe valve; draw the line e/ at right angles to the lino 
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C a, draw also the lines 1 1, and 2 2, parallel to the line 
e fi and at a distance from e / on each side, equal to the 
lap and lead of the valve, draw the angular lines C 1, 
C 2, which are the angles of eccentric with the crank, 
fox forwarder backward motion, as may be required* 

22. Tkt throw of an ecceniric, and the travel of the 
valve in a steam'tngine^ also the length of one lever for 
communicating motion to the valve^ bS.ng given, to deter- 
mine the proper length for the other. 

On any right line, as A B, describe a circle A D, 
equal to the throw a 

of eccentric and 
travel of valve; 
tlien from C as a 
centre, with a ra- 
dius equal to the 
length of lever 
given, cut the line A B, as at (/, on which describe a 
circle, equal to the throw of eccentric or travel of valve, 
as may be required ; draw the tangents B a, B a, cut 
ting each other in the line A B, and (/ B is the length 
of the lever as required. 

Note. — The throw of an eccentric is eqaai to the sum of 
twice the distance between the centres of 
formation and revolution, as a 6, or to the 
degree of eccentricity it is made to describe, 
as e d. And 

The travel of a valve is equal the sum of 
the widths of the two steam openings, and 
the valve's excess of length more than just 
sufficient to cover the openings. 

23. To inscribe any regular polygon in a given circle 
Divide any diameter, as A B, into 

so many equal parts as the polygon is 
required to have sides ; from A and B 
as centres, with a radius equal to the 
diameter, describe arcs cutting each 
other in C ; draw the line C D through 
the second point of division on me 
diameter e, and the line D B is one 
• side of the polygon required. 
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S4. To eimatnui a sqware upon a given righi 

From A and B as centres, 
with the radius A B, describe 
the arcs Acb^B c d, and from 
c, with an equal radius, describe 
the circle or portion of a circle 
e tf, A B, ( c ; from b d cut the 
circle at e and c; draw the 
lines A e, B c, also the line s tj 
which completes the square as 
required. 

25. To form a square equal in area to a given 
triangle. 

Let A B C be the given tri- 
angle ; let fall the perpendicu- 
lar B i, and mike A e half the 
height d B ; bisect e C, and de- 
scribe the semicircle e n C ; 
erect the perpendicular A a, or 
side of the »c[uare, then Asi:pi» the square of equal 
area as required. 

26. To form a square equal in area to a given rec- 
tangle. 

Let the line A B equal the length and breadth of 
the ^ven rectangle ; bisect the 
line m e, and describe the serai- 
circle A D B; then from A 
with the breadth, or from B 
with the length, of the rec- 
tangle, cut the line A B at C, 
and erect the peipendicular C D, meeting the curve at 
D, and C D equal a side of the square required. 

27. To find the length for a reelangletehose area shtdl 
he equal to (hat of a given square^ the breadth qfthe rec- 
tangle being also given. 

Let A B C D be the given square, and D E the given 
breadth of rectangle ; contintte the line B C to f> and 
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diE'VP the line D F ; also, 
continue the line D C 
to g", and draw the line 
A g parallel to D F ; 
from the intersection of 
the lines at £*, draw the 
line gd paraSel'to D E, 
and £ d parallel to D 
g ; then E D (/g is the 
rectangle as required. 

28. To Used any given triangle. 

Suppose A B C the given triangle 
bisect one of its sides, as A B in e 
from which describe tlie semicircle 
A r B ; bisect the same in r, and 
from B, with the distance B r, cut 
the diameter A B in v,* draw the 
line V y parallel to A C, wluch will 
bisect the triangle as required. 



29. To describe a circle cf greatest diameter in a ghh 
en triangle. 

Bisect the angles A and B, and draw the intersecting 
lines A D, B D, cutting 
each other in D ; then from 
D as centre, with the dm- 
tance (sr nidii D C, de- 
scribe the circle C « ^ as 
required. 

30. To form a rectangle of greatest 
smfaccj in a given triangle. 

Let A B C be the given triangle ; 
bisect any two of its sides, as A B, B 
G^ in € and d ; draw the line e d; also 
at right angles with the line e dy draw 
ti>e lines epyd^^nAtppdiath/Qtee- 
luigle required. 
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DECIMAL ARITHMETIC. 

DECiifAL ARiTHBfETic is the inost simple and ex 
plicit mode of performing practical calculations, on 
account of its doing away with the necessity of frac- 
tional parts in the fractional form, thereby reducing 
long and tedious operations to a few figures arranged 
and worked in all respects according to the usual rules 
of common arithmetic.^ . 

Decimals simply signify tenths ; thus, the decimal of 
a foot is the tenth part of a foot, the decimal of that 
tenth is the hundredth of a foot, the decimal of that 
hundredth is the thousandth of a foot, and so might the 
divisions be carried on and lessened to infinity ; but in 
practise it is seldom necessary to take into account any 
degree of less measure than a one-hundredth part of 
the integer or whole number. And, as the entire system 
consists in supposing the whole number divided into 
tenths, hundredths, mousandtbs, &c., no peculiarity of 
notation is required, otherwise than placing a mark or 
dot, to distinguish between the whole and any part of 
the whole ; thus, 34*25 gallons signify 34 gallons 2 
tenths and 5 hundredths of a gallon ; 11*04 yards sig 
nify 11 yards and 4 hundredths of a yard, 16*008 shil- 
lings signify 16 shillings and 8 thousandth parts of a 
shilling ; from which it must appear plain, that ciphers 
on the right hand of decimals are of no value whatever; 
but placed on the left hand, they diminish the decimal 
value in a tenfold proportion, — for '6 signify 6 tenths ; 
•06 signify 6 hundredths; and -006 signify 6 thou- 
sandths of the integer, or whole number. 

REDUCTION. 

Reduction means the construing or changing of vul- 
gar fractions to decimals of equal value ; also finHiT>g 
9ie fractional value of any decimal given. 

RtUe 1. Add to the numerator of the fraction any 
number of ciphers at pleasure, divide the sum by the 
denominator, and the quotient is the decimal of equiva- 
lent value. 
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Rule 2. Multiply the given decimal by the various 
fractional denominations of the integer, or whole num 
ber, catting off from the right hand of each product, fox 
decimals, a number of figures equal to the given number 
of decimals, and thus proceed until the lowest degree, 
or required value, is obtained. 

Ex. 1. Required the decimal equivalent, or decimal 
of equal value, to ^ of a foot 

— = '25, tne decimal required. 

JEx. 2. Reduce the fraction I of an inch to a deci- 
m&l of equal value. 

= 'laS, the decimal required. 

Ex, 3. What is the decimal equivalent to } of a gal- 
ixm? 

^ ='875, the decimal equivalent. 

8 

JEZr. 4. Required the fractional value of the decimal 
10625 of an inch. 

•40625 
Multiply by | 8 

3-25000 

XA = i ? 

•50000 
X^ = ^ 2 

I'OOOOO |. and ^ of an inch, the value 
required. 
Ex, 5. What is the fractional value of •625 of a 
cwt? 

•625 
Multiply by 4 qra. 4 

2-500 
X 28 Ibs^ ^ 

14-000 =2 quarters and 14 lbs., the 
== value required. 
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Ex, 6. Ascertain tiie fnctional value of *875 <tf ao 
imperial gallon. 

•875 
Multiply hj 4 quarts 4 

3-500 
X 2 pints 2 

1-000 =3 3 quarts and 1 pint the 

lirecL 



value requi 



Ex. 7. What is the fhictional value of •535 of a £. 
sterling ? 

•525 
Multiply by ao sh. 20 

10-500 
X 12 pence jg 

6-000 =:: 10 shillings and 6 pence, 
' ■ ■ the value required* 



Independent of the mark or dot which distinguishes 
between integers and decimals, the fundamental rules, 
viz., Addition, Subtraction, Multiplication, and DivLdon, 
are in all respects the same as m Simple Arithmetic ; 
and an example in each, illustrative of placing the 
separating point, will no doubt render the whole system 
sufficiently intelligible, even to the dullest capacity. 

Ex. 1. Add into one sum the following integen and 
decimals. 

16-625; 11-4; 20-7831; 12-125; 8-04; and 7-002. 
16^25 
11-4 
20-7831 
12125 

8-04 

7.002 

75-9751 =: the sum required. 



fcl Subtract 119-B0r64 from 234-9837a 
234-98276 

119-807(54 



115-17S12^tlie remainder required. 



Ex.a, Uuldplj 63-10373 by 16-733: 

62-10372 

16-rJ3 

12430744 
18631116 
43473604 



1089-1 1944304 = the product required. 

Observe that the number of figurea in the product 
frmi the light hand, accounted aa decim«)s, are equal 
■ to the number of decimals in the multiplier and multi- 
plicand taken together. 

Ex. 4. DiTide 39-375 by 9^5. 



Observe that the number of deci- 
mals, in the divisorand quotient 
together, must be equal to the 
number in the dividend. 



JVofe. — The operation migbt be cfiU eontiinied, *o H tc 
fvdiice the quotient to a degree of greater esactitade ; bat in 
[nctice it ia qoito nnneceaiary, being oi ' ^ '' ' 
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DEFINITIONS OF ARITHMETICAL SIGNS 

BMPLOTED IN THE FOLLOWING CALCULATIONS, WBQOM 
OUGHT TO BE PARTICULARLY ATTENDED TO. 




+ I x-i-i:>^^5j. 



e^ 




64 


CO ^ 


11 


tl II 


d< 


X 


Pi 

1 


1^ 
X 


>o 


1 

M 


^ 


+ 

«0 


^ 


7- 



8 



OBCmAL APPROXIMATIONS. 

'VOft VACILITATim CAIitJtJX«ATlOWS HV MXlfST71tATl<>llf. 



MoesS teet multijflS^ by 


O'QOOW 


s= 


miles. 




^ yards 


tt 


•000568 


= 


u 




Sqaare tpches 


ti 


•007 


= 


square 


feet 


</ yards 


tt 


•0002067 a 


acres. 


1 


Ciiciilar inchoi 


tt 


•60646 


93: 


square 


feet. 


Cylindrical iaeiicifl 


\*f 


•eoo454e 


• 


cabbie feet. 


" ' foet 


tt 


•02909 


:!Kt 


.cubic yards. 


Cobic inches 


tt 


•00058 


ss 


cubic feet. 


^ feet 


tt 


•03704 


.= 


cubic yards. 


•M «f 


tt 


6-232 


ss 


imperial gallons. 


'^ inches 


tt 


•003607 


s= 


a 


ft 


C<y1iiidrical feet 


t( 


4-895 


=s 


tt 


ft 


" inchei 


i*^ 


•002832 


-ox 


tt 


tt 


Cubic inches 


tt 


•263 


sz: 


lbs. avs. of cast iron 


tt tt 


tt 


•281 


^5= 


it 


wrought do. 


m 


tt 


^S83 


XX 


tt 


steel. 


tt tt 


tt 


•3825 


as 


tt 


copper, ''n^- '' 


tt tt 


tf 


•3037 


= 


it 


brass. ffucT 


a tt 


tt 


•2(5 


;;S 


tt 


zinc. 


tt tt 


tt 


.4103 


JmS 


tt 


lead. 


H a 


u 


^2636 


-as 


it 


tin. 


tt u 


it 


^4808 


=: 


tt 


mercury. 


Cy^ndrical inches ** 


•2065 


«P 


tt 


cast iron. 


a 


tt 


•2168 


CB 


tt 


wrought iroTL. 


4t 


H 


•2?K« 


sc 


tt 


steel. 


it 


tt 


»2633 


sat 


tt 


copper. 


M 


tit 


•2386 


e 


tt 


brass. 


M 


tt 


•2042 


= 


tt 


zinc. 


tt 


tt 


•3223 


s= 


tt 


lead. 


U 


U 


•207 


ss 


tt 


tin. 


Mt 


tt 


•3864 


ac 


tt 


mercury. 


AToiidapols K«t 


u 


•009 


PSS 


cwts. 




u 


tt 


•00045 


fiS 


tons. 





/ 



/ 
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DECIMAL EQUIVALENTS TO FRACTIONAL 
PARTS OF LINEAL MEASURES. 





One incli 


I, the integer, or whole number. 


•96875 


fiife 


•695 1 


•28125 la,^ 


•9375 


X^tV 


•59875 l&A- 


25 i 


•90695 


JfcA 


•5895 l&lV 


•91875 i^A" 


•875 2 


i 


•53195 3 l&A- 


•1875 si&iV 


•84375 -a 


i^h 


•5 1 i 


.16695^f&^ 


•8195 1 ftlV 


^48875 liA^A 


•195 -Sli 


•78125 J 


f*^ 


'4375 g i&iV 


•09375-8--- A 


•75 


* 


•40695 i-ft;^ 


•0696 . tV 


•71875 


#*Tftr 


•375 1 


•03195 ^ 


•6875 


**tV 


•34375 f fcgV 




•65695 


i&TjV 


•3195 I&tV 






One fo< 


>t, or 12 inches, the integer. 


•9166 


11 inches. 


•4166 5 inches. 


•0695 {ofinch. 


•1333 1 
•75 3 


10 " 


•3333 f 4 « 
•95 1 3 «« 


•0528 ^1 " 
•04166 1 1 «« 


9 " 


•6666 S 


8 «« 


•1666 8" 8 «« 


•03195 71 *( 


•5833 § 


7 «« 


•0833 1 1 " 


•09063 § 1 ** 


•5 


6 « 


•07991 I «« 


•01041 1 « 




One yai 


rd, or 36 inches, the i 


nteger. 


•9799 


35 inches. 


•6389 23 inches. 


•3055 11 inches. 


•9445 


34 " 


•6111 29 « 


•2778 10 «« 


•9167 


33 « 


•5833 21 «* 


•25 9 «« 


aal to 


39 ** 


•5556 o 20 " 
•5278 ;i 19 " 
•5 1. 18 *« 


•2222 Q 8 « 
•1944 f 7 «« 
•1666 1 6 «« 


31 " 
30 «« 


•8056 S* 


99 «* 


•4792 « 17 «« 


•1389 « 5 «« 


•7778 § 


98 «* 


•4445 § 16 « 


•1111 5 4" 
•0833 3 «« 


•75 ' 


27 " 


•4166 15 «» 


•7999 


96 " 


•3869 14 " 


•05.55 2 « 


•6944 


95 «« 


•3611 13 «« 


•0877 I «« 


•6667 


94 «* . 


•3333 19 «« 





Ml 
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MENSURATION. 

Mensuration is that branch of Mathematics which 
is employed in ascertaining the extension, solidities, 
and capacities of bodies, capable of being measured. 

1. MENSURATION OF SUBTACE. 

To mtaanre or ascerlaxn the gwmtity of surface in 
any^ rightlined figure whose opposite sides are paraUd to 
each other, as a 

Square, Rectangle, Rhomboid, 



r~7 



&c. 



Rule. — Multiply the length by the breadth ; the pro- 
duct is the area or superficial contents. 

Application of the Rude to practical Purposes. 

1. The side of a square piece of board is 8^ inches 
in length ; required the area or superficies. 

Decimal equivalent to the fraction -^ = '1875, (see page 26 ;) 
and 81875 X 81875 = 67-03515625 square inches, the area. 

2. The length of the fire grate under the boiler of a 
steam engine is 4 feet 7 inches, and its width 3 feet 

6 inches ; required the area of the fire grate. 

7 in. = -5833 and 6 in. = -5, (see Table of Equivalents, p. 26}) 

hence 4-5833 X 3*5 = 16*04155 square feet, the area. 

3. Required the number of square yards in a floor 
whose length is 13i, and breadth 9| feet 

13-6 X 9-75 = 131-625 -^ 9 = 14-626 square yards. 

Note 1.— The above rule is rendered equally applicable to 
flguw whose sides are not parallel to each other, by taking 



f 

> 
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the me^n breadth as that by which the contents are to be esti- 
mated. - 

2. The square root of any given sam equals the side of a 
square of equal area. 

3. Any, square whose side is equal to 4he<li agonal of another 
square, contains double the area of that square. 

4. Any sum or area, (of which to form a rectangle,) divided 
bjr the bmudtfa, the quotient oquahi the length ; or f^videi by 
the leafith, tha ^otioat equ^ the breadth «f tb« mctvigl^ 
requireol 

TBIANGLES^ 

•9m two wks ^ a righl-angled triangle being gwen, 
to Jim the third mde, 

JRvie 1. — Add together the squares ef the base and 
perpendicular, aad uie square root of the sum is the 
hypotenuse or longest side. 

Rule 2. — Add together the hypotenuse and any one 
side, «nultiply the sum by their difference, and the 
uare mot cS^the prodnnt equals the other iside. 



I 



Y Jlpplication to prticticcd Purposes. 

1. Wanting to prop a building with raking shores, 
the top ends of which to be 525 feet from the ground, 
and the bottom ends 16 feet from the base of the 
imilding ; what mast be their length, independent of any 
extra length allowed below the sur&ce of the ground? 

25* + W«ssV8»l = 29-6816 feet, or -6816x12 = 8 inches j 
]^ .>^ consequently, 29 feet 8 inclies nearly. 

^ ^i From the top of a wall 18 feet in height, a Hne 
wjMS stretched across a canal for the purpose of afloeT'- 
taining its breadth ; the length of the Une, when meas- 
ured, was found to be 40 feet; required the breadth 
from the opposite embankment to the base of the walL 



40— 18*22, and 40+ 18 X 22 = V 1276 = 35-72, or 35 feet 
9 inches nearly, the width of the canal. 

Trianp^les similar to each oth^ are propc«tional to 
each other; hence their utility in ascertainii^ the 
fa^gfats and distances of inaccessible objects. 
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Thus, suppose the height 
of an inaccessible object V \A 
required ; I find by means of 
two sta&, or otherwise, the 
height of the perpendicular 
BC and the length of the 
baae line AB; also the dis- 
tance from A to the base of the object G p. j. 

tbeoAB: BC::AG;GD. And suppose A B » 6 feet. 
BC = 2 feet, and AG= 16a 
6:2:: 150 : dOf^t, tbe height of D from G. 



A^in, suppose the fnaeeesslMe 9^ 
tanc?5l be required ; make tiie line B A, 
B C, a right angle, and B C of three » 
four equal parts of any convenient dis- 
tance, tlffough one of whiohy and io a 
line with the object A, determine the 
triangle CDF; then the proporj^coi will 
be as 



CF: CD ::BF : BA. Let C F = 10 yards, C D = 63, and 
BF = 30, 10 :53 : : 30 : 169 yan^ the ^tenev fiem Bv 

To find the area of a triangf^ v^^xn. ^ to« 0ind pet" 
rftndimUia' are given, 

Hvk. — Multiply the base by tlie {terpendlcular 
Jeight, and half the product iff tile otea. 

1. The base of the tri- 
angle A D B is 11^ inches 

in length, and the heighC D 
C» 3i inehes; re<{uix)ed tbe 
wea. . 

Tj^ = "09375 and | = '375^ (see page 26 :) 





hence 



1109375 X 3-376 



=-= 18-72016 i^pniM i 



•W*. 
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3. The base of a tziaiigle is 53 feet 3 inches, and the 
perpendicular 7 feet 9 inches ; required the area or su- 
perficies. 

63-26 y 7*75 

9 ~ 206*34376 iqiiBre feet, the area. 

When only th& thru aides of a triangle can he given, 
to find (he area. 

Ride, — From half the sum of the three sides subtract 
each side severally ; multiply the half sum and the 
three remainders together, and the square root of the 
product is equal the area required. 

Required the area of a triangle, whose three sides 
are respectively 50, 40, and 30 feet 

50 + 40 + 30 

— — = 60, or half the sum of the three sides. 

60 — 30 = 30 first difference, 
60 — 40 = 20 second difference, 
60— 60= 10 third difference, 
then 30 X 20 X 10 X 60 = V^()<)00 = 600, the area required. 

Triangles are employed to 
great advantage in deter- 
mining the area of any recti- 
lineal figure, as the annexed, 
and by which the measure- 
ment is rendered compara- 
tively simple. 



POLTOONS. 

Poly^ns, being composed of triangles, may of comse 
be similarly measured; hence, in regular polygons, 
multiply the length of a side by the perpendicular 
height to the centre, and by the number of sides, and 
half the product is the area. 
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AppUcaiion <^ (ke Tahle. 

1. Tlie radius of a circle being 6i feet, vei^uired the 
side of the greatest heptagon that may be inscribed 
therein. 

•867 X 6-5 = 5-()355, or 5 feet 7J indhes nearly. 

2. Each side of a pentagon is required to be 9. feet; 
required the radius of circumscribing circle. 

•852 X 9 = 7-668, or 7 feet 8 iAchen, 

3. A perpendicular from the centre to either side of 
an octagon is required to be 12 feet; l^hat must be tfae 
radius of circumscribing circle ? 

108 X 12 =s 12-96, oT n feet 11^ mdlidft. 

4. Each side of a hexagon is 4i yslrdd; required ka 
superficial contents. - 

4^2 X 2-698 =52-6095 square ;fard8. 



THE CIRCLE ANB ITS SECTIONS. 

Observations and DeflnitMns, 

1. The circle contains a greater area thaoi any otlf» 
plane figure boundefd by me Muiie pierimi^tear or ottt- 
line. 

2. The areas of circles are to each other as the 
squares of their diameters ; anjr cii^le twice the diasi- 
eter of ftAother contaiiis &uf tiffles th^ ai^ of the 
other. 

3. The radius oi a circle is a 
stft^ght Ime ^^'n from the <:&iltie 
to the eireumference, as O B. 

4. The diaihet^ of a cirtfle % k 
straight line drawn through the 
centre, and terminated both ways 
at-tlie circurarferenc^j as C A. 

^. A ehofH is a straight lind joining any two points 
of th^ ci^eumferencB, ad D J'. 

h IPfae^e A^d ^lA is a sttai^t Ime joining the chgrd 
and ^ ireum fcrence,-as B-€^. 
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7. Att arc w 8 iy part of the circmufcrence, as C D E. 

8. A semicircle is half the circumfbrence cut off by 
a diameter, as C E A. 

9^ A segment is any portieft of a cirele eat off by a 
chord, as D E F. 

10. A sector is a pan of a circle cut off by two radii, 
as A OB. 

Gtneral Rules in Rdaiwn (o the Cvrde. 

1. Multiply the diameter by 3*1416, the product is 
the c ire u inference. 

2. Mtritiplythecifcumfereiice by '31331, the product 
is the diameter. 

3. Multiply the square of the diameter, by '7854, 
the "product is the area. 

4. Multiply the square root of the area by 1'12837, 
the product is the difemeter. 

5. Multiply the diameter by '8862, the product is the 
side of a square of equal a rea. 

a Multiply the skteof a squme by l-KS, the prod- 
uct '» the diameter of a cirele o f egiMjj yea. 

application of the Rules as to Pvrposa of Pradion, 

1. The diameter of a cirele being 7-^ incbea, ie>- 
quired its cvcumference. 

7- 1075 X 3- 1416 = 22-68025 inches^ the circwmference. 

Or, the diameter being 30i feet, required the circum- 
jfiifiHiee. 

^'W6 X 3CK9 ^ 95-618^ ffe^t, the citcanodferetice. 

' 2. A Straight line, or the circumference of a circle, 
being 274*89 inches, required the circle's tyamcter coop* 
responding thereto. 

274-89 X -31831 = 87-5 inches diameter. 

Or, what is tlie diameter of a circle, wlien the cir- 
ctftftfferttiee is 39 ffe<*t ? 

■3183^ X ^'J^ — rMY4(B feet and •41409'X: 12 = 4-9ff908 inches^ 
oi 12 fe*t^kn<Jbes, tety nearly the diameter. 
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3. The diameter of a circle is 3} inches ; what is tts 
area in square inches ? 

3-7ds = 14*0625 x '7854 = 11*044, &c., inches area. 

Or, suppose the diameter of a circle 35 feet 6 inches, 
required die area. 

25'6« = 650-25 X 7854 = 510*706, &c., feet, the area. 

4. What must the diameter of a circle he, to contain 
an area equal to 706*86 square inches ? 

V 706-86 = 26-586 X 1"12837 = 29*998 or 30 inches, the diam- 

eter required. 

5. The diameter of a circle is 14i inches ; what must 
I make each side of a square, to he equal in area to the 
given circle ? 

14*25 X '8862 ;= 12*62835 inches, length of side required. 

Any chord and versed sine of a cirde being given, to 
find ihe diameter. 

Ride. — Divide the sum of the 
squares of the chord and versed sine 
hy the versed sine, the quotient is 
the diameter of corresponding circle. 

1. The chord of a circle A B 
equal 6^ feet, and the versed sine 
C D equal 8 feet, required the cir- 
cle's diameter. 




6*5« + 2* = 46-25 ^ 2 = 23-125 feet, the diameter. 

2. In a curve of a railway, I stretched a line 72 feet 
in length, and the distance iit)m tiie line to the curve I 
found to he 14 ft ; required the radius of the curve. 



5185*5625 



72^ + l»26««6185-5626,and^:^J^=l^^ 

' 1-25x2 ' 

« 

To find (he length of any given are of a drde* 

Rule. — From eight times the chord of half the aie 
subtract the thord of the whole arc, and one third <^ 
the remainder is equal the length of the arc. 
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Requned the length 
of the arc ABC, the 
chord A B of half the 
arc being 4 feet 3 inches, -^ 
and chord A C of the whole arc 8 feet 4 inches. 

4^X8=:S4,aiid34— 8-333»^^^=:8-655 feet, the 
length of the arc. 

To find the area of the sector of a drde. 

' Rtde. — Multiply the length of the arc by its radiusi 
and half the product is the area. 

The length of the arc A C B, 
equal 9i feet, and the radii F A, 
F B, equal each 7 feet, required the 
area. 

9-6 X 7 = 66-6 -I- 2 = 32-75, the area. 

Note, — The most simple means where- 
by to find the area of the segment of a 
circle is, to first find the area of a sector 
whose arc is equal to that of the given 
segment; and if it be less than a semicircle, subtract the area 
of the triangle formed by the chord of the segment and radii 
of its extremities ; bat ir more than a semicircle, add the area 
of the triangle to die area of the sector, and the remainder, or 
sum. is the area of the segment. 

. Thus, suppose the area of the segment A C B e is required, 
and that the length of the arc A CTB equal 9| feet, F A and 
F B each equal 7 feet^ and the chord A B equal 8 feet 4 
inches, also the perpendicular e F equal 3i feet. 

9-75 X 7 

— = =s34'15S5 feet, the area of the sector. 




8-333 X 8-75 



: 15-624 feet, area of the triangle. 



And 34-125 — 15-624 as 18-501 feet, the area of the segment 

To find the area of (he space contained bettoeen two 
eoneenirie circles. 

Ride. — Multiply the sum of the inside and outside 
diameters by their difference, and by -7854, the product 
is the 



S6 utusxruAnoK, 

1. Suppose the external circle 
A B eqiial 32 inches, and internal 
circle C D equal 28 Inches; re* v 
quired the area of the space coa- a 
tained between them. 




32 + 28=60, and 32 — 28=4, faenoe 
60 X 4 X •7854=188-496 in., the area. 

2. The exterior diameter of the fly-wheel of a steam 
engine is 20 feet, and the interior diameter IQ feet; 
required the area of the surface or rim of the wfaeeL 



2X)+ 18d»38-5 and 20—18-5 ^1-5, heacn 3iM'>il*5 K'V64 
s= 45-35, &e.| £9et, the acest. 

To find the area of an ellipsis or oval. 

Rule. — Multiply the longest diameter fry the e&ort- 
est, and the product by *7854 ; the result is the fiorea* 

An oval is 25 inches by 16*5 ; what ase its superficial 
contents ? 

25 X 16-5 =412-5 x '"^S* = 323-9T75 incihea, t&e atea. 

Note. — Multiply haif the sum of the tw«- di«m«ten by 
3*1416, and the product n the citcarttferetice «f tiM o^fltl or 
ellipsis. 

To find the opea <^ a parabola, or Us Syptuearit 

■ 

Rtde. — MuMply the base by the perpendfetdar 
height, and two thurd^ of the pooduot is the area. 

What is the area of a parabola whose base is 20 feet 
and height 12 ? 

240 X 2 
20 X rS =s — ~— = 166 feet, the area. 

Note, — Atthongh the whole of the pvecedhiflr practical tippli- 
cations or examples are given in measures of reet or iuafe tf , 
tHeae beisg comidefed as the most genenUlr familiar, yet the 
rules are equally applicable to any other umt of .mea&acemeiit 
whatever, as yards, chains, acres, &;c. 6lc. &c. 
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2. MENSURATION OF THE SUPERFICIEJS, SOMD 
ITIES^ AND CAPACITIES OF BODIES. 

To find the solidity or capacity of any figure in the 
cubical Jbrm. 

Bide. — Multiply the length of any one side by its 
breadth and by the depth or distance to its opposite 
side ; tiie product is the solidity or capacity, in equa] 
terms of measurement 

^ppUeaiwn 4^ the Rule to practical Purposes. 

1. Required the number of cubic inches in a piece 
of timber 23J inches long, 7| inches broad, and 3ft 
inches in thickness. 

J3-5 X 7-75 X 3-625 =^60203 cubic inches. 

2. A rectangular cistern is in length 8^ feet, in 
breadth 5i feet, and in depth 4 feet; required its ca- 
pacity in cubic feet, also its capacity in British impe- 
rial gallons. 

8* X A-25 X 4 = 178-6 cubic feet, and 178-5 x 6-232 (see Table 
of Decimal Approximations; p. 25) = 1112*412 gaUons. 

3. A rectangular cistern, capable of containing 520 
imperial gallons, is to be 7| feet in length, and 4^^ feet 
in width; it is required to ascertain the necessary 
depth. 

520-000 

7*25 X 4-5 X 6-232 = 203-318, and — - = 2-657 feet, or 2 

203318 
feet 6| inches nearly. 

4 A rectangular piece of cast iron, 20 inches long 
and 6 inches broad, is to be formed of sufficient dimen- 
sions to weigh 150 lbs.; what will be the deptiii re- 
qaired? 

aOx6x-263 <8ee Table of Decimal Approximations, Cast 

Iron, p. 26) = 31-96, and = 4KJ9 in., or 4 and ^ in., the 

thickoess required. ^^'^ 
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7\>Jind the convex nafaee^ and aoUdity or cc^pacthf^ qf 
a oflmder. 

Ride 1. — Multiply the circumference of the cylinder 
by its length or height; the product is the convex sur- 
face. 

Rvh 2, — Multiply the area of the diameter by the 
length or height, and the product is the cylinder's soHd' 
ity or capacity, as may be required. 

Application of the Rides, 

1. The circumference of a cylinder is 37i inches, 
and its length 54| inches ; required tiie convex surface 
m square feet 

64-76 X 37-6 X -007 (see Table of Approximations) = 14*371 

square feet. 

3. A cylindrical piece of timber is 9 inches diameter, 
and 3 feet 4 inches in length ; required its solidity in 
cubic inches, and also in cubic feet 

3 feet 4 inches = 40 inches, and 9^ X'7864 X 40 = 2644-696 cubic 
inches j then 2644-696 X -00068 = 1-4769 cubic feet. 

. Suppose a well to be 4 feet 9 inches diameter, and 
l^ feet from the bottom to the surface of the water ; 
how many imperial gallons are therein contained ? 

4-76« X 16-6 X 4-896= 1822-162 gaUons. 

4. Again, suppose the well's diameter the same, and 
its entire depth 35 feet ; required the quantity in cubic 
yards of material excavated in its formation. 

4-769 X 35 X 02909 = 22-973 cubic yards. 

5. I have a cyliiidrical cistern capable of holding 
7068 gallons, and its depth is 10 feet; now I want to 
replace it with one of an equal depth, but capable of 
holding 12,500 gallons ; what must be its diameter ? 

12500 , 

4-896 X 10 = 48-96, and = V256^ = 16-9687 feet, or 

48-96 ' 

16 feet lljl inches. 

& A cylindrical piece of lead is required, 7i inchei 
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diameter, and 168 lbs. in weight; what must be its 
length in inches? 

7-6* X -3223 = 18, and :^ = 9-3 inche«. 

18 

To find the kn^ of a cylindrical helix^ or spiral, 
toound round a cylinder. 

Ride. — Multiply the circumference of the base by 
the number of revolutions of the spiral, and to the 
square of the product add the square of the height; the 
square root of the sum is the length of the spiral. 

^Application of (he Rule. 

1. Required the length of the thread or screw twist 
ing round a cylinder 23 inches in circumference 2^ 
times, and extending along the axis 16 inchea 

22 X 3*5 = 77» = 5929, and 16« = 266, then V 6929 + 256 

= 78-64 inches. 

2. The well of a winding staircase is 5 feet diameter, 
and height to the top landing 25 feet ; the hand-rail is 
to make 2^ revolutions ; required its length. 

6 feet diameter = 15*7 feet circumference. 
15-7 x2-5 = 39-26 « = 1540-5625, and 25* = 626, then 

VId40 + 626 ±= 46-6 feet, the lengrth required. 

To find (he convex surface^ solidily^ or capacity of a 
wne or pyramid. 

Ride 1. — Multiply the circumference of the base by 
the slant height, and half the product is the slant sur- 
face. 

Ride 2. — Multiply the area of the base by the per- 
pendicular height, and one third of the product is the 
solidity or capacity, as may be requu^ed. ■ 

.Appliealion of Ihe Rules. 
L Required the area, in square inches, of the slant 
finface of a cone whose slant height equal 18} inches, 
and diameter at the base 6^ inches. 

646 X 3-1416 = 19*635 circumference of the baie ; and 

19-636 xl8'75 ,„^ „,««,•« • u^ 

^ sl84078126 square inches. 



4^ tt»l99«A7l0li. 

, ^ Roqiiice^ tbe fsantity of Iiea4, in oqu^m It^ 
sufficient to cover the slant surface of n hex&gooal pyr 
amid whose slant height is 42 feet, and the breadth ot 
each side at the base 4 feet 9 inches. 

4'76 X 42 X 6 sides 

■ = 598'5 sqaape feet. 

2 

3. What is the solidity of a cone, in cubic inches, the 
diameter at the base being 15 inches, and perpendiculai 
height 32i inches ? 

158 X -7864 X 32-5 _..__ ,. 

— =19!4'4125 cubic inches. 

3 

4. In a square solid pyramid of stone 67 feet io 
height, and 16^ feet at the base, how many cubic feet? 

?51><15:52i^«6080^ cubic feet 
3 

To find the BoUdUy or ccqHxcity of emy fivstum (^f a 

cone or pyramid. 

Rule, — If the base be a circle, add into one sum the 
two diameters, or, if a regular polygon, the breadth of 
otie side at the top and at the base; then from the 
square of the sum subtract the product of these di- 
ameters or breadths ; multiply ^ remainder by •7854, 
if a circle, or by the tabular area {see Table of Poly- 
gons, p. 31) and by one third of the height; and the 
product is the content in equal terms of unity* 

Note."— Where the whole height of the cone or pyramid can 
be obtained, of which the given frastum forms a part, the most 
simple method is, first to iind the whole contents, then the 
contents extending beyond the frastum ; and, subtracting the 
leM from the greater, leaves the contents of 
the frustoxn required. 

AppliccAion of (he Rides, 

1. The perpendicular heigitt A B 
of the frustum of a hexagonal pyra- 
mid C D E, is 7i feet, and the breadth 
of each side at top and base equal 
81 and 2i feet; required the soUd 
contents of the frustum in cubic 
feet 
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»*» + S-5-S 6-2&, and 6'U X 6*95 s 39^)835, tlien. 3-75>c 9« = 
9-375, and 39-0625 -^9-37d'» 29-6875 x 2-598 (tabular area, p 
31) = 77-138 X 2-5 or | of the height =192-845 cubic feet. 

2. Required the solidity of the frostum of a cone, 
the top diameter of whieh is 7 inches^ the base diameter 
9|i, and the perpendicular height 12. 

7 + 9-5* = 272-25, aijd 7x9-5=66-6, then 279^— 6G'6 = 
205-75 X •7854 = 161-57§ X 4or f ofthe h6igiit=64&-3<Qii]iie 
inches. 

3. A vessel in the form of aa in- jy 
verted cone, as A B C D, ia 5 feet in 
diameter at the top, 4 feet at the 
bottom, and 6 feet in depth; re- 
quired its capacity in imperial gaJLr 
Ions. 

6Hpr=9« = 81, and 5x4 = 20, hence 81— 2e=»61x-TOMi 
and by 2 or ^ of tb^ dopth = 95-8188. qubic £^et, ua^ X 6,2^ 
= 597-1427 gallons. 

To Jmd. iki soUd amterUs^^ a toedge,.. 

RuU. — To twice the length of the hase add the 
length of the edge; multiply thp sum^ hy.the breadth 
of 3ie base, and by the perpendicular height from the 
base, and one sixth of the product ia the &Ldid contents 

^plicaHqn of the Rule. ^ 

Rsqniied the solidity of a wedge, iii(t 
cubic inqheSy the base A !Q C D beipg 9. 
inches by ^, the edge E P 7 inches^, 
and the perpendicular height G E 15. 
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= 218*75 cubic inches. 



To find the convex surface, the solidity, or the capaeUy, 
o f a sphere or globe. 

Rule 1. — Multiply the square of the diameter by 
drlAlG ; the product is the conv ex s urface. 

Rule 2. — Multiply the cube of the diameter by 
'5236 ; the product is the so lid contents. 
4 
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Rule 3. ^ Multiply the cube of the diameter in feet 
by 3-263, or in inches by •001888 ; the product is the 
capacity in imper ial gallons. 

Application of the Rules. 

1. Required the convex surface, the solidity, and the 
weight in cast iron of a sphere or ball 10^ inches in 
diameter. 

10-6» X 3-1416 = 346-3614 square inches. |iwJ^az^ 

10-53 X -5236 = 606-132. &c., cubic inches j and - ^^'^tS**^ 
606-132 X '263 (see Table of Approximations, p. 25) = 159-4 lbs. 

2. A hollow or concave copper ball is required, 8 
inches diameter, and in weight just sufficient to sink to 
its centre in common water ; what is the proper thick- 
ness of copper of which it must be made ? 

Weight of a cubic inch of water = -03617 lbs. > .^^ ^ c- 
«' « copper = -3226 '' J«eep.03. 

8? X -6236 X -03617 - ^.-^ u • r . * u j- , ^ 
— — = 4-84828 cub. in. of water to be displaced. 

2 

4-84828 
And = 15*0334 cubic inches of copper in the ball. 

•3225 

Then 8« x 3-1416 = 201-0624, and ^^ = -0747 inches, the 

201-0624 
thickness of copper required. 

'0747 x 16 = -^ of an inch full, or 3 lbs. copper to a squaze foot 

3. What diameter must I make a leaden ball, so as 
to weigh 72 lbs. ? 

•036 X -4103 a -21483308, and —^ sSa/S40s6-97 

•21483308 ^ 
inches, diameter. 



INSTRUMENTAL ARITHMETIC, 

OR 
UTILITY OP THE SLIDE RULE. 

The slide rule is an instrument by which the greater 
portion of operations in arithmetic and mensuration may 
be advantageously performed, provided the lines of 
division and gauge points be made properly coirect, 
and their several values familiarly understood. 

The lines of division are distinguished by the letters 
A BCD; AB and C being each divided alike, and 
containing what is termed a double radius, or double 
series of logarithmic numbers, each series being sup- 
posed to be divided into 1000 equal parts, and custrib- 
uted along the radius in the following manner : — 



From I to 2 contains 301 of those parts, being the log. of 2. 

3 " 477 V 3. 

4 " 602 « 4. 
6 " 699 " 6. 
6 " 778 " 6. 

« 7 " 845 " 7. 

8 " 903 « 8. 

9 « 954 " 9. 
1000 being the whole number. 
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The line D, on the improved rules, consists of only a 
single radius ; and although of larger radius, the lo^- 
rithmic series is the same, and disposed of along me 
line in a similar proportion, forming exactly a line of 
square roots to the numbers on the lines B C. 
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NUMERATION. 

Numeration teaches us to estimate or properly value 
the numbers and divisions on the rule in an arithmeti- 
cal form. 

Their values are all entirely governed by the value 
set upon the fo^ figure, and, being decimally reckoned, 
advance tenfold from the commencement to the termi- 
nation of each radius : thus, suppose 1 at the joint be 
one, the 1 in the middle of the rule is ten, and 1 at the 
end one hundred : again, suppose 1 at the joint ten, 1 
in tlie middle is 100, and 1 or 10 at the end is 1000, 
iS&ic., I^e intermediate divisions tm which complete the 
^hole system of its notation. 



TO MULTIPLY NUMBERS ^V T^E tfULE. 

Set 1 on B opposite to the multiplier- on A; and 
against the number to be multiplied, on B is the prod- 
uct on A. 

Multiply 6 by 4. 

Set 1 on B to 4 on A ; and against 6 on fi is 24 on A. The 
slide thus set, against 7 on B is 28 on A. 

8 " 32 " 

9 « 36 " 
10 " 40 « 

12 " 48 " 

13 " 60 « 
25 " 100.&C. &c. 
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TO DIVIDE NUMBERS UPON \HE RULE. 

ISet the divisor on B to 1 on A; a^ against the 
number to be divided on B is the quotient <wi A. 
bivide 63 by 3. I 

Set 3 on B to 1 ojl A3 and against 63 on B i^l on A. 
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PROPORTION, OR RULB OF THREE DIRECT. 

MtHe* — Set the first term on !l^ to the decond on A ; 
and against the third upon 6 is the fourth upon A. 

1. If 4 ]rards of cloth cost 38 shillings, what will 30 
yards cost at the same rate ? 

Set 4 on B to 38 on A; and against 30 on B is 285 shillings on A. 

1L Suppose I pay 3t«. SdL for 3 cvt of Itob, at what 
rate is that per ton ? 1 ton = 20 cwt. 

Set 3 upon B to 31*5vii|i90ik^A5 and against 20 upon B is 210 
upon A. 




^SffilEE INVERSE. 
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JRu^e. -x JB^it^^^ slide, and the operation is the 
same as direel^]^^9{)0||ii^||^ l-. 

1. I knowv^^^siig^'^ii^n are^ capable of performing a 
certain ^veittf^fin^^worik in eight days, but I want 
the same peno]pi||^^;iii ^diree ; how many men must 
there be emplbyedr** 

Set 6 upon C to 8 upon A ) and against 3 upon C is 16 upon A. 

2. The lever of a safety valve is 20 inches in length, 
and 5 inches between the fixed end and centre of 
the valve ; what weight must there be placed on the 
end of the lever to equipoise a force or pressure of 40 
lbs. tending to raise the valve ? 

Sets upon C to 40 upon A; and against 20 on C is 10 on A. 

8h If 8| yards of cloth, 1^ yards hi width, be a suf- 
ficient quantity, how much will be required of that 
vf^tch is only iUis in width, to effect the same purpose ? 

Ififet 1*5 on C to 8-76 on A3 and agJiinst -876 upon C is 16 y?-^ 

Bp<HA A. 
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SQ,UARE AND CUBE ROOTS OF NUMBERS. 

On the engineer's rule, when the lines C and D are 
equal at both ends, C is a table of squares, and D a 
table of roots, as — 

Squares, 1 4 9 16 25 36 49 64 81 on C. 
Roots, 123466789 on D. 

To find the geomdrical mean proportion between two 
numhera. 

Set one of the numbers upon C to the same number 
upon D ; and against the other number upon C is the 
mean number or side of an equal'sc^are upon D. 

Required the mean proportion '^astis^^^^ and 45. 

Set 20 upon C to 20 upon D 3 and agaia'stP^'upon C is 30 on 
D. ;i' 

To cube any number, set the number upon C to 1 or 
10 upon D ; and against the same number upon D is 
the cube number upon C. 

Required the cube of 4. 

Set 4 upon C to 1 or 10 upon D 3 and against 4 upon D is 64 
upon C. 

To extract the cube root of any number, invert the 
slide, and set the number upon B to 1 or 10 upon D ; 
and where two numbers of equal value coincide, on the 
lines B D, is the root of the given number. 

Required the cube root of 64. 

Set 64 upon B to 1 or 10 upon D ; and against 4 upon B is 4 
upon D, or root of the given number. 

On the common rule, when 1 in the middle of the 
line C is set opposite to 10 on D, then C is a table of 
squares, and D a table of roots. 

To cube any number by this rule, set the number 
upon C to 10 upon D ; and against the same number 
upoa D is the cube upon C. 
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MENSURATION OF SURFACE. 

1. SquareSi Rectangles, fyc 

Rule, — When the length is given in feet and the 
breadth in inches, set the breadth on 6 to 12 on A ; and 
against the length on A is the content in square feet on B. 

If the dimensions are ail inches, set the breadth on 
B to 144 upon A ; and against the length upon A is 
the number of square feet on B. 

Required the content of a board 15 inches broad and 
14 feet long. 

Set 15 upon B to 12 upon A ; and against 14 upon A is 17-5 
■qnare feet on B. 

2. Cirdea, Polygons, ifc. 

Rule, — Set 7854 upon C to I or 10 upon D ; then 
will the lines C and D be a table of areas and diameters. 

Aieas, 3»14 7-06 12-66 19-63 28-27 38-48 50-26 03-61 upon C. 
Diam., 2 3 4 5 6 7 8 9 upon D 

In the common rule, set '7854 on C to 10 on D ; then 
C is a line or table of areas, and D of diameters, as be- 
fore. 

Set 7 upon B to 23 upon A ; then B and A form or 
become a table of diameters and circumferences of cir- 
eles. 

Cir., 8-14 6-28 9-42 12-66 16-7 18-85 22 2513 28-27 upon A. 
Dia.,1 2345678 9 upon B. 

Pchptnu Jrom 3 to 12 sides. — Set the gauge-point 
upon C to 1 or 10 upon D ; and against the length of 
one side upon D is the area upon C. 

Sides, ' 3 6 6 7 8 9 10 11 12. 

Gauge-points, -433 1-7 2-6 3-63 4-82 618 7-69 9-37 11-17. 

Reouired the area of an equilateral triangle, each 
ade 12 inches in length. 

Set •433 upon C to 1 upon D ; and against 12 apon D an 
62'6 aqoare inches upon C. 
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MENSUBATION OF SOLIDITY AND CAPACITY. 

General rule, — Set the length upon B to the gauge- 
point upon A ; and against the side of the square, or 
diameter on D, are the cubic contents, or weight in lbs. 
on C. 

' 1. Required the cubic contents of a tree 30 feet in 
length, and 10 inches quarter girt 

Set 20 upon B to 144 (the gauge-point)' upon A ; and against 
10 upon D is 20*7d feet upon C. 

2. In a cyVif^ess 9 inches in length and 7 inches 
diameter, liow many cubic inches ? 

Set 9 upon B to 1273 (the gauge-point) upon A ; and against 

7 on D is 346 inches on C. 

3i What is the weight of a bar of oast iron 3 inches 
I Bquare, and 6 feet long ? 

Set 6 upon B^tq.SS (the gauge-point) upon A; and against 

8 upon D IS 1^ Ibs^ upon C. 

By the common rule, 
, 4 Required the weight of a cylinder of wrought iron 
10 inches long, and Si diameter. 



I 

► 



Set 10 upon B to 283 (G. Ft.) upon A j and against 5| upon 
0ii6&e51bB.oaC. 

5. What is the weight of a dry rope S5 yards long, 
and 4 inches circumference ? 

Set 25 upon B to 47 (G. Pt.) upon A j and against 4 on D is 
fl9-16 Ibe. on C. 

0. What is the weight of a short-linked chain 90 
yards in length, and -^ths of an inch in diameter ? 

Set 90 npon B to 02 (G. Pt.) upon A ; and againat 6 on D is 
129-6 lbs. on C. 

5 



50 mSTRVMENTAL RULES. 



LAND SURVEYING. 

If the dimensions taken are in chains, the gauge- 
point is 1 or 10 ; if in perches, 160 ; and if in yards. 
4840. 

Rule, — Set the length upon B to the gauge-point 
on A ; and against the breadth upon A is the content in 
acres upon B. 

1. Required the number of acres or contents of a 
field 20 chains 50 links in length, and 4 chains 40 links 
in breadth. 

Set 20*5 on B to 1 on A ; and againat 4*4 on A is 9 acres on Br- 

2. In a piece of ground 440 yards long, and 44 broad, 
how many acres ? 

Set 440.upon B to 4840 on A 3 fjid against 44 on A is 4 acres 
on B. 

POWER OF STEAM-ENOINES. 

Condensing Engines. — Rule. Set 3*5 on C to 10 on 
D ; then D is a line of diameters for cylinders, and C 
the corresponding numb^ of horses' power ; thus, 

H.Pr.3A 4 5 6 8 10 12 16 SO 26 90 40 50 on C. 
CD. 10 in. lOi 12 13| 15^ 17 18| 21} 21 26} 29} 3^ 3^ on D. 

The same is effected on the common rule by setting 
5 on C to 12 on D. 

JVon-condensing Engines. — Rule. Set the pressure 
of steam in lbs. per square inch on B to 4 upon A ; and 
against the cylinder's diameter on D is the number of" 
horses' power upon C. t * 

Required the power of an engme, when the cylindei^ 
is 20 inches diameter and steam 30 lbs. per squaft| 
inch. 

Set 30 on B to 4 on A ; and against 20 on D is 30 honeii* 
power on C. '* 

The same is effected on the common rule by seUiiiQ^ 
the force of the steam on B to 250 on A. 
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OF ENGINE BOILERS. 

How many superficial feet are contained in a boiler 
23 feet in length and 5h in width ? 

Set 1 upon B to 23 upon A j and against 5*5 apon B is 126*5 
sqaare feet upon A. 

If 5 square feet of boiler surface be sufficient for 
each horse-power, how many horses' power of engine ii 
^e boiler equal to ? 

Set 5 upon B to 126*5 upon A ; and against 1 upon B is 25*6 
wpon A. 



STRENGTH OP MATERIALa 

Materials of construction are liable to four different 
kinds of strain ; viz., stretching, crushing, transverse 
action, and torsion or twisting : the first of which de- 
pends upon the body's tenacity alone ; the second, on 
its resistance to compression ; the third, on its tenacity 
and compression combined; and the fourth, on that 
property oy which it opposes any acting force tending 
ix> change from a straight line, to that of a spiral direc- 
tion, the fibres of whicn the body is composed. 

In bodies, the power of tenacity and resistance to 
compression, in the direction of their length, is as the 
cross section of their area multiplied by the results of 
Mcperiments on similar bodies, as exhibited in the fol- 
lowing table. 
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Tabu skoufing the Tenadties, Ruisiances to Comprts- 
tiorij and other Properties of the common Materials of 
ConstnuHon. 



Names of BmOea. 


At»olat8 1 


Compared with Cast Iron | 


TeiiMCitj 
in lbs. 
peraq. 


Reaiatanw 
io coinpraa- 
aion in lbs. 


1u 
atrcDfth 

IB 


Jtsextcn- 
ail>ilitj is 


Its stiff, 
neaaia 




inch. 


per sq. in. 








Ash ...» 


Iil30 


._ 


0-23 


2-6 


0-089 


Beech 


1222a 


8548 


015 


2-1 


0-073 


Brass 


17968 


10304 


0-435 


0-9 


0-49 


Brick 


276 


662 


— 


— . 


— . 


Cast iron . 


13434 


86397 


1-000 


1-0 


1-000 


Copper (wrought) . 


33000 


— 


— 


•^ ^ 


— 


£lin . . . • 


9720 


1033 


0-21 


2-9 


0-073 


Fir, or Pine, white . 


12346 


2028 


0-23 


2-4 


0-1 


« « red 


11800 


6375 


0-3 


2-4 


01 


« « yellow . 


11835 


5445 


0-25 


2-9 


0087 


Granite (Aberdeen) 


— 


10910 


~- 


— 


— 


Gun-metal (copper 8 


f 










and tin I) 
Malleable iron . 


35838 


— 


0-65 


1-25 


0-635 


66000 


— 


112 


0-86 


1-3 


Larch 


12240 


6568 


0-136 


2-3 


0-058 


Lead . * . 


1824 


k— 


0-096 


2-5 


0O386 


Mahogany, Honduras 


11476 


8000 


0-24 


2-9 


0-487 


Marble 


651 


6060 


— 


— 


mJKi'' 


Oak .... 


11880 


9504 


0-25 


2-8 


0-093 


Rope (1 in. in circum.) 


200 


— 


— 


— 


— 


Steel 


128000 


— 


— 


— 


— 


Stone, Bath 


478 


— 


— 


— 


— . 


« Craigleith 
" Dundee . 


772 


5490 


— 


... 


— 


2661 


6630 


— 


_ 


-.. 


" Portland 


867 


3729 


— 


— 


._ 


Tin (cast) . 


4736 


— 


0-182 


0-76 


0-26 


Zinc (sheet) 


9120 


— 


0-365 


0-5 


0-76 
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Weight per 
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»4- 



Weif ht per 
fathom ia Iba. 
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Diameter of 
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Od0)^0)-^cood;oco 



Weight pet 
&thoin ill Iba. 



gg»» 
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Q0C0Q0h-i»(^QD0Di-^O 



II. 



Ab<e.— It must be understood and also borne in mind that, 
in estimating the amount of tensile strain to which a body is 
mbjected, the weight of the body itself must also be taken into 
account ; for according to its position so may it approximate to 
its whole weight, in tending to produce extension within itself 3 
as in the almost constant application of ropes and chains to 
great depths, considerable heights, &c. 
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tAUoys ihat are of greaUr TenacUy than (he Sum q/* 
Vtiir CorutUumUy as dekmdned by the ExpenmenU 
of Muachenbroek. 



DweuiBo copper o pis., maiiicca uu i j veu 
Cbili copper 6 parts, Malacca tin 1 ; 
Japan copper 5 parts, Banca tin 1 ; 
Anglesea copper 6 parts, Cornish tin 1 ; 
Common block-tin 4, lead 1, zinc 1 ; 
Malacca tin 4, regnlos of antimony 1 ; 
Block tin 3, lead 1 ; 
BlocktinS, zincl; 
Lead 1, zinc 1 ; 



icity per sq. inch 64,000 liia. i 


U (( 


60,000 " » 


U (C 


57,000 «* i 


U «( 


41,000 ♦« 


IC i( 


13,000 » 


(( C( 


12,000 ** 


(( « 


10,300 " 


C( u 


10,000 «* 


tC (( 


4,500 «* 



RESISTANCE TO LATERAL PRESSURE, OR TRANS-* 

TERSE ACTION. 

The strength of a square or rectangular beam to re- 
sist lateral pressure, acting in a perpendicular direction 
to its lengtii, is as the breadth and square of the depth, . 
and inversely as the length ; — thus, a beam twice tlie 
breadth of another, all oQier circumstances being alike, 
equal twice the strength of the other; or twice the 
depth, equal four times the strength, and twice the 
length, equal only half the strength, &c., according to 
the rule. 



Table of Datoj containing the RestUis of Esmerimenis 
on the Elasticity and Strength of vanous Species of 
Timber^ by Mr, Barlow. 



Species of 
Timber. 


Value 


Value 


Species of 
Timber. 


Value 


Value 


ofE. 


of 8. 
2462 


ofE. 


or 8, 


Teak .... 


174-7 


Elm .... 


50^ 


1013 


Poena .... 


12S2-26 


229,1 


Pitch pine > . 
Red pine . . . 


88-68 


1632 


English Oak . . 


105 


1672 


133 


1341 


Canadian do. 


1655 


1766 


New England fir 


158-6 


1102 


Dantzic do. . 


86-2 


1457 


Riga fir . . . 


90 


1100 


Adriatic do. 


705 


1383 


Mar Forest do. 


63 


1900 


Ash 


119 


2026 


Larch .... 


76 


900 


Beech .... 


I 98 


1556 


Norway spruce . 


106-47 


MIH 
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To find the dimermons of a beam capcMe of ffustotn- 
ing a given weight, wUh a given degree of defledtvon^ 
when supported at both ends. 

Rule. — Multiply the weight to be supported in lbs. 
by the cube of the length in feet ; divide the product 
by 32 times the tabular value of £, multiplied into the 

fiven deflection in inches; and the quotient is the 
readth multiplied by the cube of tlie depth in inches. 

Note 1.— When the beam is intended to be square, then the 
fourth root of the quotient is the breadth and depth required. 

Note% — If the beam is to be cylindrical, multiply the 
quotient by 1'7, and the fourth root of the product is the di 
ameter. 

J5r. The distance between the supports of a beam ot 
Riga fir is 16 feet, and the weight it must be capable 
d^ sustaining in the middle of its length is 8000 lbs., 
with a deflection of not more than | of an inch ; what 
must be the depth of the beam, supposing the breadth 
8 inches? 
16X8000 



^^3g^. ^3 = 16175 -f8 = 3v 1897= 12-36 in., the depth. 

To determine the absolute strei^th of a rectangular 
beam of timber , when supported at both ends, and loaded 
in Vie middle of its length, as beams in general ought to 
be calculated to, so that they may be rendered capable of 
wi&standing all accidental cases of emergency. 

Rule. — Multiply the tabular value of S by four 
tmies the depth of the beam in inches, and by the area 
of the cross section in inches ; divide the product by 
the distance between the supports in inches, and the 
quotient will be the absolute strength of the beam in lbs. 

Note 1.— If the beam be not laid horizontally, the distance 
between the supports, for calculation, must be tne horizontal 



• Note t.— One foarth of the weight obtained by the rule, is 
file greatest weight that ought to be applied in practice as pei^ 
' loed. 
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N6U 8. — If the load w to be applied at any other point tiiaa 
the middle, then the strength will be as tlTe product of the 
two distances is to Uie square of half the length of the beam 
between the supports ; — or, tvrice the distance from one end, 
multiplied by twice from the othen and divided by the whole 
length, equal tlie elective length of the beam. 

Bx, In a building 18 feet in width, an engine boiler 
of 5.^ tons is to be fixed, the centre of which to be 7 
feet from the wall ; and having two pieces of red pine^ 
10 inches by 6, which I can lay across the two walls 
for the purpose of slinging it at each end, — may I 
with sufficient confidence apply them, so as to e&ct 
this object ? 

^^^^^'^ = 6160 lbs. to carry at each end. 
2 

And 18 feet— 7 = 11, doable each, or 14 and 22, then 

— 1^ =s 17 feet, or 204 inches, efiectiye length of beam. 

18 

T^ular value of S, red pine, =151121*21222152= 1W76 lbs. 

' *^ ' 204 

the absolute strength of each piece of timber at that point. 

To detennine the dlmensunu of a recUmgvlar beam 
oapabU of supporting a required weight, xmk a given 
degrtt of d^tectiorij when fixed at one end. 

Rule. — Divide the weight to be supported, in lbs., 
by the tabular value of E, multiplied by the breadth 
and deflection, both in inches ; and the cube root of the 
quotient, multiplied by the length in feet, equal the 
depth required m inches. 

Ex. A beam of ash is intended in bear a load of 700 
lbs. at its extremity ; its length being 5 feet, its breadth 
4 inches, and the deflection not to exceed i of an inch. 

Tabular yalue ofE= 1 19 x 4 X '5 = 238 the divisor ; 
then 100-- 236 = * V^*^ X 6 = 7-25 inches, depth of the beam. 



STRENGTH OF MATERIALS. 57 

T^o find the ahsolute strength of a rectangular heanif 
when fixxd at one end^ and loaded at the other. 

JRide. — Multiply the value of S by the depth of the 
beam, and by the area of its section, both in inches ; 
divide the product by the leverage in inches, and the 
quotient equal the absolute strength of the beam in lbs. 

Ex. A beam of Riga fir, 12 inches by 4J, and pro- 
jecting 6i feet from the wall ; what is the greatest 
weight it will support at the extremity of its length? 

Tabular value of S = 1100 
12 X 4-5 = 54 sectional area, 
Then, ^OQ X 12 X 54 _. gjgg.^ ^^ 
78 

When fracture of a beam is produced by vertical 
pressure, the fibres of the lower section of fracture are 
separated by extension, whilst at the same time those 
of the upper portion are destroyed by compression; 
hence exists a point in section where neither the one 
nor the other takes place, and which is distinguished as 
the pomt of neutral axis. Therefore, by tne law of 
fracture thus established, and proper data of tenacity 
and compression given, as in the table, (p. 53) we are 
enabled to form metal beams of strongest section with 
the least possible material. Thus, in cast iron, the resis- 
tance to compression is nearly as 6i to 1 of tenacity ; 
consequently a beam of cast iron, to be of strongest 
section, must be of the following form, 
and a parabola in the direction of its 
length, tlie quantity of material in the 
I M * I bottom flange being about 6h times that 
of the upper. But such is not the case with beams of 
timber ; for although the tenacity of timber be on an 
average twice that of its resistance to compression, its 
flexibility is so great, that any considerable length of 
beam, where columns cannot be situated to its support, 
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requires to be strengthened or trussed by iron rods, 
in the following manner. 



^^S^SS 




And tliese applications of principle not only tend to 
diminish deflection, but the required purpose is also 
more effectively attained, and that by lighter pieces oi 
timber. 



To ascertain the absolute strength of a cast iron beam 
of the preceding form, or that of strongest section. 

Rule. — Multiply the sectional area of the bottom 
flange in inches by the depth of the beam in inches, 
and divide the product by the distance between the 
supports, also in inches ; and 514 times the quotient 
equal the absolute strengtii of the beam in cwts. 

The strongest form in which any given quantity of 
matter can be disposed is that of a hollow cylinder ; and 
it has been demonstrated tiiat the maximum of strength 
is obtained in cast iron, when the thickness of the an- 
nulus, or ring, amounts to ^th of the cylinder's external 

diameter ; the relative strength of a solid to that of a 
hollow cylinder being as the diameters of their sec- 
tions. 
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A Table showing (he Weight or Pressure a Beam of 
Cast hon^ 1 inch in breadth, wUi sustain, without de- 
stroying Us elastic force, when it is supported at each 
end, and loaded in the middle of its lengt/i, and also the 
t^iection in the middle which that toeight unll produce 
By Mr. HodgHnson, Manchester, 



Length. 


Sfeet. 


Tibet. 


8 feet. 


9 feet. 


10 feet. 


Depth 
in Id. 


Wufa 


Defl. 


Wt. in 


Defl. 


Wt.in 


Defl. 


Wt. 


Defl. 


Wt,li. 


Defl. 


lbs. 


in in. 
•94 


ibt. 
1089 


in in. 
•33 


lbs. 


in in. 
•496 


in lb*. 


in in. 
•54 


Ibe. 


in in. 


3 


1278 


954 


855 


765 


•66 


34 


1739 


•905 


1489 


•98 


1998 


•365 


1164 


•46 


1041 


•57 


4 


S273 


•18 


1936 


•945 


1700 


•32 


1590 


•405 


1360 


•5 


44 


9875 


•16 


94S0 


•917 


9146 


•984 


1924 


•36 


1721 


•443 


6 


3560 


•144 


3050 


•196 


9650 


•956 


2375 


•32 


2125 


•4 


6 


511S 


•19 


4356 


•163 


3816 


•913 


3420 


•27 


3060 


•33 


7 


6958 


•103 


5929 


•14 


5194 


•183 


4655 


•23 


4165 


•29 


8 


9068 


•09 


7744 


•J93 


6784 


•16 


6080 


•203 


5440 


•25 


9 


_ 


_ 


9801 


•109 


aw6 


•149 


76a'> 


•18 


6885 


•22 


10 


__ 


_ 


19100 


•096 


10600 


•128 


9500 


•162 


8500 


•2 


11 


_ 


__ 


._ 


— 


19826 


•117 


11495 


•15 


102R5 


•182 


IS 


__ 


__ 


_ 


— _ 


15964 


•107 


13680 


•135 


12340 


•17 


13 


_ 


^_ 


_ 


,m— 


_ 


__ 


16100 


•125 


14400 


•154 


14 
6 




— 


— 





— 


— 


18600 


•115 


16700 


•143 


12 feet. 


Hieet. 


16 feet. 


18 feet. 


sofe<^t. 


9548 


•48 


9184 


•65 


1912 


•85 


1699 1^08 


1530|l-34 


7 


3471 


•41 


9975 


•58 


9603 


•73 


9314 


•93 


2082M4 


8 


4533 


•36 


3884 


•49 


3396 


•64 


3020 


•81 


2720 1-00 


9 


5733 


•32 


4914 


•44 


4309 


•57 


3825 


•72 


3438 


•89 


10 


7083 


•98 


6071 


•39 


5319 


•51 


4722 


•64 


^S50 


•8 


11 


8570 


•96 


7346 


•36 


6428 


•47 


5714 


•59 


5142 


•73 


13 


10192 


•94 


8736 


•33 


7648 


•43 


6796 


•54 


6120 


•67 


13 


11971 


•92 


10960 


•31 


8978 


•39 


7980 


•49 


7182 


•61 


14 


13883 


•21 


11900 


•98 


10419 


•36 


9255 


•46 


8:«(> 


•57 


15 


15937 


•19 


13660 


•96 


11952 


34 


10624 


•43 


9562 


•53 


16 


18198 


•18 


15536 


•94 


13584 


•32 


19080 


•40 


10880 


•5 


17 


90500 


•17 


17500 


•93 


15353 


•3 


13647 


•38 


12282 


•47 


18 


9!s29:«i 


•16 


196561-91 


17908 


•98 


15700 


•36 


13752 


•44 



Note. — This Table shows the greatest weight that ever 
ought to be laid upon a beam for permanent load j and, if there 
be any liability to jerks, &c.. ample allowance must be made 5 
aliO; tiie weignt of the beam itself must be included. 
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To find the toeight of a cast iron beam of given dimen- 
iions. 

Ride. — Multiply the sectional area in inches by the 
length in feet, and by 3'SJ, the product equal the weight 
in lbs. 

Ex. Required the weight of a uniform rectangular 
beam of cast iron, 16 feet in length, 11 inches in 
breadth, and li inch in thickness. 

11 X 1-5 X 16 X 3-2 = 844<-8 lbs. 



Resistance of Bodies to Flexure hy vertical Pressure^ 

When a piece of timber is employed as a column or 
support, its tjendency to yielding by compression is dif- 
ferent according to the proportion between its length 
and area of its cross section ; and supposing the form 
that of a cylinder whose length is less than seven or 
eight times its diameter, it is impossible to bend it by 
any force applied longitudinally, as it will be destroyed 
by splitting before that bending can take place; but 
when the length exceeds this, the column ^■ill bend 
under a certain load, and be ultimately destroyed by 
a similar kind of action to that which has place in the 
transverse strain. 

Columns of cast iron and of other bodies are also 
similarly circumstanced, tliis law having recently been 
fully developed by the experiments of Mr. Hodgkinson 
on columns of different diameters, and of different 
lengtlis. 

When the length of a cast iron column with flat 
ends equals about thirty times its diameter, fracture 
will be produced wholly by bendmg of the material 
When of less length, fracture takes place partly by 
crushing and partly by bending. But, when the colunm 
is enlarged in the middle of its length from one and a 
half to twice its diameter at the ends, by being cast hol- 
low, the strength is greater by ^th than in a soBd colunm 
containing tiie same quantity of material. 
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To determine the dimensiana of a support or column to 
beoTy toilhout sensible curvatwe^ a given pressure in (he 
direction of its axis. 

Rule. — Multiply the pressure to be supported in lbs. 
by the square of tlie column's lengtli in feet, and divide 
the product by twenty times the tabular value of E ; and 
the quotient will be equal to the breadth multiplied by 
the cube of the least thickness, both being expressed in 
inches. 

Note 1. — When the pillar or support is a square, its Side 
will be the fourth root or the quotient. 

% If the pillar or column be a cylinder, multiply the tabular 
value ot*E by 12, and the fourth root of the quotient equal the 
diameter. 

Ex, 1. What should be the least dimensions of an 
oak support, to bear a weight of 2240 lbs. without sensi- 
ble flexure, its breadth bemg 3 inches, and its length 5 
feet? 

Tabular value of £ = 105, 
2240x6* ' 

Ex, 2. Required the side of a square piece of Riga 
fir, 9 feet in length, to bear a permanent weight of 

eoooibs. 

Tabular vaioe of E = 9C, 
,6000x9« . ,s— ... , 

20X96 =* V2oJ = 4 inches nearly. 
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PracUcod UtUity of the preceding Table, 

Ex. Wanting to support the front of a building with 
cast iron columns 18 feet in length, 8 inches in diam- 
eter, and the metal 1 inch in thickness ; what weight 
may I confidently expect each coHimn capable of sup- 
porting without tendency to deflection ? 

Opposite 8 iocbes diameter and under 18 feet= 1097 
Also opposite 6 in. diameter and under 18 feet = 440 

S3 667 cwt. 

Note. — The strength of cast iron as a column being 1-0000 
" steel " = 2-618 

wrought iron \ " =1-745 

(oak)Dantzic " = -1088 

red deal " = -0785 



ti 
u 
tt 



EUutieUy of Torsion, or Resiskmce of Bodies to 

Turisting. 

The angle of flexure by torsion is as the length and 
extensibility of the body directly and inversely as the 
dkmeter; hence, the length of a bar or shaft being 

fiven, the power, and the leverage the power acts wit^ 
eing known, and also the number of degrees of torsion 
timt will not aflect the action of the machine, to deter- 
imne l^e diameter in cast iron with a given angle of 
flexure. 

Rule. — Multiply the power in lbs. by the len^h of 
tlie shaft in feet, and by the leverage in feet ; divide the 
product by fifty-five times the number of decrees in the 
angle of torsion ; and the fourth root of ue quotient 
equal the shaft's diameter in inches. 

'Ex. Required the diameters for a series of shafts 35 
feet in lengdi, and to transmit a power equal to 1245 
VtiB^ acting at the ciicaoifereDGe of a wheel 2j| feet 
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radius, 90 that the twist of the shafts on the appHcataoD 
of liie power may not exceed one degree. 

1245 X 35 X 2-5 



56X1 



= < V ^^^^ ^ ^'^ inches in diameter. 



RdoAive Strength of Metals to resist Torsion, 

Swedish bar iron . = l-OO 

English do. . . =1*1S 

Sheer steel . . = 1*96 

Cast do =2-1 



Cast iron . . 


. =1- 


Copper. . . 
Yellow Bran 


. = -48 


. = -611 


Gun-metal . 


. = -65 
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PRELIMINARY REMARKS. 

Mechanics, regarded as a science, comprehends the 
sum of our knowledge relative to the sensible motions 
of bodies either ac^ally existing or expressed by the 
opposition of forces tending to produce motion. The 
science is thus resolvable into a code of discovered laws, 
applying to the causes which occasion and modify the 
direction and the velocities of motion, and is therefore 
distinct from those branches of science in which, al* 
though presenting phenomena of motion in sensible 
portions of matter, we do not consider the circumstaiice» 
and laws of these motions, but only the effects pto^ 
duced. 

When motion itself is considered, the leosoning be* 
longs to mechanics, and it is probable that as onrknowir 
edge of the laws which govem the phenomem. Iba4 
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evolved under the hand of the experimental philosopher 
becomes more extended, a wider meaning will be given 
to the science of motion. The definition which is here 
given of mechanics is not coeval with the name. The 
science, like most other sciences, has gradually ex* 
panded to its present extent It was originally the sci- 
ence of machines — these being the first subjects of 
its speculation ; and, as everv material combination em- 
ployed for producing or preventing motion may be 
regarded as a machine, and mav be resolved into the 
same elementary principles as those employed in ma- 
chines, — the mechanical powers, — the name " mechan- 
ics " became to be applied to motion, the tendency to 
motion of any bodies whatever. Mechanics still con- 
tinues to be defined by some the science of fotct^ and 
there does not appear to be any valid objection to the 
definition. Force is the cause of motion, and its laws 
are identical with the laws of motion : and, consequently, 
the science of force coincides, in all its parts, with the 
science of motion, which is mechanics. 



£L£M£I«TS OF MACHINERY. 



THE LEVER. 

To produce mechanical efiects, it is rarely conve- 
nient to apply directly our available force, — mean- 
ing by mechainicai eflTect moving a bod^ of a certain 
weight through a certain space, — the assistance of ma- 
chinery is required. In fact, the essential idea of ma- 
efaineiy is, that it renders force available for efiecting 
certain practical ends. Machines prepare, as it wer& 
the raw material of force supplied to us from natural 
Boorces. It is transmitted and modified by certain 
combinations of the elements of machinerv, and is 
at last, in a condition suitable for producing the 
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denied mechanical effect We do not create ibrc^; 
the end of machinery is just to transmit it, and diffuse or 
concentrate it in one or more points of action. The 
yarious diffused or concentrated forces, then, being 
added together, will just amount to the original avail- 
able force* 

All machinery, when analyzed, will be found to con- 
sist of a combination of six simple machines, or ele- 
ments, commonly called mechanical powers. This term 
is not correctly applied to these elements. They are 
not powers, or, in other words, sources of power or force ; 
they simply transmit and difiuse or concentrate forces. 
These six elements are, the ^ever, the pulley, the wheel 
and axle, the inclined plane, the tvedgey and the screw. 

To understand, therefore, the nature of any machine, 
a correct idea of these elements is requisite. 

A lever is an iniSexible rod, by the application of 
which one force may balance or overcome another. 
These forces are termed, respectively, the power and the 
resistance or weight, not irom any dif^rence in the action 
of the forces, but with reference merely to the intention 
with which the machine is used ; and indeed the same 
terms are used about all the other mechanical elements. 
In applying the rod to operate upon any resistance, it 
must rest upon a centre prop, or fulcrum, somewhere 
along its length, upon which it turns in the performance 
of its work. Thus, there are three points in every lever, 
to be regarded in examining its action, namely, the two 
points of application of the power and the weight, and 
the point resting on the fulcrum. There is a certain relsr 
tion to be observed between the magnitudes of the op- 
poeinff force, and their distances from the fulcrum, 
namely, that, in every case, the power, multiplied by its 
distance from the fulcrum, is equal to the weight, 
multiplied by its distance from the same point. Irom 
this, simple rules may be deduced for calculation. 

To know the power to be applied, at a certain dis- 
tance from the fulcrum, to overcome a resistance actiqg 
•Jio at a certain distance, multiply the resistance by l|p 
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diiAtaiice irom the ftilcrmn, which gives its moment, and 
divide the product hy the distance gfiven. Quotient will 
be the power, it being observed that the distance and 
the force be each expressed in the same unit of measure. 
For example, a weight, 1120 lbs., at 3 inches from the 
fulcrum, is to be balanced by a force at the distance of 
10 feet Now 10 feet are equal to 120 inches ; and the 
moment of 1120 lbs. is 1120 X 3 = 3360. Divide this 
by 120, we have 28 lbs. for the power required. 

Again ; to know the distance at which a given force 
ought to be applied to balance a given weight at a certain 
distance, we must, in like manner, multiply the weight 
by its distance, as before, and divide by the given 
power. 1120 lbs., for example, at 3 inches distance, 
are to be balanced by a force of 28 lbs. To find the 
distance of this weight, 1120 lbs. multiplied by 3, ffive 
8360, which, divided by 28, give 120 inches, or 10 reet 



THE WHEEL AND AXLE, OR CRANE. 

The mechanical advantage of the wheel and axle, or 
crane, is as the velocity of the weight to the velocity 
of the power ; and, being only a modification of the 
first kind of lever, it of course partakes of the same 
principles. 

To determine the amount of effective power produced 
from a given power^ by means of a crane uoifn knoum 
pecyltariiies. 

Hide. — Multiply tosrether the diameter of the circle 
described by the handle and the number of revolutions 
of the pinion to one of the wheel ; divide the product by 
the barrel's diameter in equal terms of dimensions ; and 
the quotient is the effective power to 1 of exertive force. 

JSr. Let there be a crane, the handle of which de- 
scribes a circle of 30 inches in diameter ; the piiiion 
makefl 8 revolutions fc^ I of the wheel, and the Dairel 
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IS 11 inches in diameter; required the effective power, 
in principle, also the weight that 36 lbs. would raise, 
friction not taken into account 

30X8 = 21-9 to 1 of exertive force, and 21*9 X 36 = 786-5 \bn, 

11 ^ 

Given any two parts of a cnme, to find the third that 
shall prodiux any reqairea proportion of mechanical effect. 

Rtde, — Multiply the two given parts together, and 
the quotient is the dimensions of the other parts in equal 
terms of unity. 

Ex, Suppose that a crane is required, the ratio of 
power to effect being as 40 to 1, and that a wheel sn^y 
pinion ] 1 to 1 is unavoidably compelled to be employed ;, 
also the throw of each handle to be 16 inches ; what 
must be the barrel's diameter, on which the rope or 
chain must coil ? 

16x2 = 32 inches diameter described by the handle. 
And 32 X 11 = 8*8 inches, the barrePs diameter. 

40 



THE PULLEY. 

The principle of the pulley, or more practically the 
block and tackle, is the distribution of weight on vari- 
ous points of support ; the mechanical advantage derived 
depending entirely upon the flexibility and tension of 
the rope, and the number of pulleys or shelves in the 
lower or rising block. Hence, by blocks and tackle of 
the usual kind, the power is to the weight as the num- 
ber of cords attached to the lower block ; whence the 
following rules: — 

1. Divide the weight to be raised by the number of 
cords leading to, from, or attached to the lower block ; 
and tlie quotient is the power required to produce an 
equilibrium, provided friction did not exist 

2. Divide the weight to be raised by the power to be 
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applied ; the quotient is the number of shelves m, or cords 
atUiched to, the rising block. 

Ex, Required the power necessary to raise a weight 
of 3000 lbs. by a four and five sheived block and tackle, 
the four being the movable or rising block. ^: 

Necessarily, there are nine cords leading to and from 
the rising block ; — 

3000 
Coiuequently, =333 lbs., the power reqaired. 

Ex, 2. I require to raise a weight 4256 lbs.; the 
amount of my power to effect this object being 500 lbs. 
What kind of block and tackle must I, of necessity, em- 
ploy? 

4256 

sa 8-51 cords -i- of necessity, there must be 4 sbeives, 

or 9 cords, in the rising block. 

As the effective power of the crane may, by addi- 
tional wheels and pinions, be increased to any required 
amount, so may the pulley and tackle be similarly aug- 
mented by purchase upon purchase. Two of the most 
usefiil are known by the term runner and tackle, and the 
second by that of Spanish burton. 
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JVote. — Although this table has been calculated particulaily 
for carriages on railway inclines, it may with equal propriety be 
applied to any other incline, the amount of traction on a level 
bemg known. 
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•BppUcaiion of the preceding Table, 

L What weight will a tractive power of 150 lbs. 
draw up an incline of 1 in 340, the resistance on the 
level beiiuf estimated at «4^th part of the insistent 
weight ? 

In a line with 40 in the left-hand column and under 

aOO is -00417 

Also, in the same Jine and under 3G0 is •00294 

Added together = -0071 1 

Then = 21097 lbs. weisht drawn op the plane. 

•00711 

2l What weight would a force of 150 lbs. draw down 
the flame plane, the friction on the level being the same 
asbefbre? 

Friction on the level = 00417 
Gravity of the plane =s •00294 subtract 

= •00123 

liSO 

And = 121915 lbs. weight drawn down the plane. 

•00128 



EautmpU of Incline when Vdociiy is taken into Aecoxini, 

A power of 230 lbs. at a velocity of 75 feet per min- 
ute, is to be employed for moving weights up an inclined 
plane 12 feet in height and 163 feet m length, the least 
velocity of the weight to be 8 feet per minute ; required 
the greatest weight that the power is equal ta 

230x73x JC3^28ing0^^^^ or I8« ton.. 
12X8 tKJ 
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THE INCI^nOCD PLANE. 

The inclined plane* is the representative of the second 
class of mechanical elements. Its fundamental law of 
action is that of the composition and resolution of forces. 
The manner in which the advantage is immediately de* 
rived from it is, therefore, distinct from that of liie first 
class; there is necessarily a fulcrum, a point round 
which all the motion takes place, and through which 
the power acts on the resistance ; whereas, in this class, 
'there is no apparent centre of action. The advantage 
gained by the inclined plane, when the power acts in a 
parallel direction to the plane, is as the length to the 
height or angle of inclination. Hence the rule. Divide 
the weight by the ratio of inclination, and the quotient 
equal the power that will just support that weight upon 
the plane. Or, multiply the weight by the height of 
the plane, and divide by the length — the quotient 18 
the power. 

Ex, Required the power or equivalent weight capa- 
ble of supporting a load of 350 lbs. upon a plane of 1 in 
12, or 3 feet in height and 36 feet in length. 

S50 350 X 3 

* — = 29-16 lbs., or ^-^ = 29-16 lbs. power, as before 

12 '26 



THE WEDGE. ^ 

The wedge is a double inclined plane ; consequently, 
its principles are the same. Hence, when two bodies 
are forcea asunder by means of the wed^, in a direction 

garallel to its head, multiply tlie resisting power by 
alf tiie tliickness of the head or back of the wedge, and 
divide the product by the length of one of its inclined 
sides ; the quotient is the force equal to the resistance. 
Ex. The breadth of the back or head of a wedge 
being 3 inches, its inclined sides each 10 inches, le- 



•- 
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quired the power necessaiy to act upon the wedge so as 
to separate two substances whose resisting force is 
equal to 150 lbs. 

^><i5= 22.5 lbs. 
10 

Note. — When only one of the bodies is movable, the whole 
%tea4Xti of the wedge is taken for the multiplier. 



THE SCREW. 

The screw is another modification of the inclinecT 
J)lane, and it may be said to remove the same kind of 
practical inconveniences incidental to the use of the 
latter, that the pulley does in reference to the simple 
lever. The lever is very limited in the extent of its 
Action ; so is the inclined plane. But the pulley multi- 
j)lies the extent of the action of the lever, by presenting, 
m effect, a series of levers acting in regular succession ; 
and just such a purpose is effected by the screw. It 
fflnltiplies the extent of the action of the inclined plane, 
t»y presenting, in effect, a continued series of planes. 

The screw, in principle, is that of an inclined plane 
wound round a cylinder, which generates a spiral of 
uniform inclination, each revolution producing a rise 
or traverse motion equal to the pitch of the screw, or 
distance between the two consecutive threads, — the 
pitch being the height or angle of inclination and the 
circumference the length of the plane. Hence, the me- 
chanical advantage is, as the circumference of the circle 
described by the lever where the power acts is to the 
pitch of the screw, so is the force to the resistance io 
^nciple. 

Ex. Required the effective power obtained by a 
ffcrew of J inch pitch, and moved by a force equal to 
ISO lbs. at the extremity of a lever 30 inches in length. 

876 
7 
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Et, 2. Required the power necessary to overcotne a 
fesistance equal to 7000 lbs. hj a screw of 1^ inch pitch 
and moved by a lever 25 inches in length. 

'' 7CC0X1-25 ..-«,. 

=r65*73 lbs. power. 

25 X 2 X 3-1416 

In the case of a screw acting on the periphery of a 
toothed wheel, the power is to the resistance as the 
product of th0 circle's circumference described by the 
winch or lever, and radius of the wheel, to the pro- 
duct of tlie screw's pitch and radius of the axle or point 
^whence the power is transmitted ; but observe that, if 
the screw consist of more than one thread, the apparent 
pitch must be increased so many times as there are 
threads in the screw. Hence, to find what weight a 
given power will equipoise, 

Ruk. — Multiply together the radius of the wheel 
the length of the lever at which the power acts, the 
magnitude of the power, and the constant number 
6*2832 ; divide the product by the radius of the axle 
into the pitch of the screw, and the quotient is the 
weight that the power is equal to. 

Ex, What weight will be sustained in equililnio by a 
power of 100 lbs. acting at the end of a lever 24 inches 
m length, the radius of the axle, or point whence the 
power IS transmitted being 8 inches, the radius of the 
wheel 14 inches, the screw coTensims of a double 
thread, and the apparent pitch equal | of an inch. 

14 X 24 X 100 X 6-2832 «„„.-„-. ^. ^ 

= 21111-56 lbs., the power Bustained. 

•625 X 2 X 8 

Note, — It is estimated that about one third more power muit 
be added, to overcome the friction of the screw wnen loaded, 
than is necessary to oonstitute a balance iDetween power ana 
Weight. 
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OF CONTINUOUS CIRCULAR MOTION. 

In mechanics, circular motion is transmitted by means 
of wheels, drums, or pulleys ; and accordingly as the 
driving and driven are of equal or unequal diameters, 
so are equal or unequal velocities produced. Hence th« 
principle on which the following rales are founded. 

1. When Time is not taken into Account, 

Rule. — Divide the greater diameter, or number of 
teeth, by the lesser diameter or rilimbor of teeth ; and 
the quotient is the number of revolutions the lesser will 
make, for one of the greater. 

Ex. How many revolutions will a pinion of 20 teeth 
make, for 1 of a wheel with 125 ? 

125-^20 = 6-26 or GJ revdatioiw. 

To find the number of revolutions of the lastf to one 
of the first, in a train of wheels and pinions. 

Rule. — Divide the product of all the teeth in tlie 
driving by the product of all the teeth in the driven ; 
and the quotient equal the ratio of velocity required. 

Ex. 1. Required the ratio of velocity of the last, to 1 of 
the first, in the following train of wheels and pinions ; 
viz., pinions driving, — the first of which contains 10 
teetii, the second 15, and third 18. Wheels driven first, 
15 teeth, second, 25, and third, 32. 

10x15x18 „^, ^ 

• — = 225 of a revolution the wheel will make to 

15 X 23 X 32 

one of the pinion. 

Ex. 2L a wheel of 42 teeth giving motion to one of 
1^ on which shaft is a pulley of 21 inches diameter^ 
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driving one of 6 ; required the number of revolutions of 
the last pulley to one of the first wheel. 

42 V 21 

1-2 — = 12-25 or 12* revolutions. 

12 X 6 

2. When THme must be regarded. 

Rule. — Multiply the diameter or number of teeth in 
the -driver, by its velocity in any given time, and divide 
the product by the required velocity of the driven ; the 
quotient equal the number of teeth or diameter of the 
driven, to produce the velocity required. 

Ex. 1. If a wheel, containing 84 teeth, makes 20 
revolutions per minute, how many must another contain, 
to work in contact, and make 60 revolutions in the 
same time? 

84x20 „„ ^ 
— ^ — = 28 teeth. 

60 

Ex, 2. From a shaft making 45 revolutions per min- 
ute, and with a pinion 9 inches diameter at the pitch 
line, I wish to transmit motion at 15 revolutions per 
minute ; what, at the pitch line, must be the diameter 
of the wheel. 

45x9 „. , 
= 27 inches. 

15 

Ex, 3. Required the diameter of a pulley to make 16 
revolutions in the same time as one of 24 inches mak- 
ing ^16. 

24x36 



16 



=54 inches. 



The distance between the centres and vdocUies of hoo 
wheels being given, to find their proper diameters. 

Rule. — Divide the greatest velocity by the least ; the 
quotient is the ratio of diameter the wheels must bear 
Xo each other. 
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Hence, divide the distance between the centres by 
the ratio -|- 1 ; the quotient equal the radius of the 
smaller wheel ; and subtract the radius thus obtained 
from the distance between the centres ; the remainder 
equal the radius of the other. 

Ex. 1. The distance of two shafts from centre to 
centre is 50 inches, and the velocity of the one 25 rev- 
olutions per minute, the other is to make 80 in the same 
time ; the proper diameters of the wheels at the pitch 
lines are required. 

50 
80 -^ 25 = 3-2, ratio of velocity, and = 11-9, the radius 

^' 3-2+1 

of the smaller wheel ; then 60 — 11-9 = 38-1, radius of larger j 

their diameters are 11-9 X 2 = 23-8 and 381 X 2 = 76-2 inches. 

To obtain or diminish an accumulated velocity by 
means of wheels, pinions, or wheels, pinions, and pulleys, 
it is necessary that a proportional ratio of velocity 
sliould exist, and which is thus attained : multiply the 
given and required velocities togetlier ; and the square 
root of the product is the mean or proportionate velo- 
city. 

Ex, Let the given velocity of a wheel containing 54 
teeth equal 16 revolutions per minute, and the given 
diameter of an intermediate pulley equal 25 inches, to 
obtain a velocity of 81 revolutions in a machine ; re- 
quired the number of teeth in the intermediate wheel 
and diameter of the last pulley. 

^81 X 16 = 36 mean velocity. 

= 2^^!) teetli and =;11*1 inches, diameter of 

3C 81 ' 

pulley. 



To dtttrmnt the proportion of wheela for screuhcul^ 
^ing by a lathe. 

In a lathe properly adapted, screws to any degree of 
pitchf or number of threads in a given length, may ' 
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cut by means of a leading screw of any ^iven pitch, ac- 
companied with change wheels and pinions; coaise 
pitches being effected generally by means of one wheel 
and one pinion with a carrier^ or intermediate wked^ 
which cause no variation or change of motion to take 
place. Hence the following 

Ride, — Divide the number of threads in a given 
length of the screw which is to be cut, by the number 
of tiireads in tlie same length of the leading screw at- 
tic hed to the lathe ; and uie quotient is the ratio that 
the wheel on the end of the screw must bear to that on 
the end of the lathe spindle. 

Ex, Let it be required to cut a screw with 5 threads 
in an inch, the leading screw being of ^ inch pitch, or 
containing 2 threads in an inch ; what must be the ratio 
of wheels applied ? 

d -{- 2 = 2-5;i the ratio they must bear to each other. 

Then suppose a pinion of 40 teeth be fixed upon for 
the spindle, — 

'JO X 2 5 = 100 teeth for the wheel on the end of the screw. 

But screws of a greater degree of fineness than about 
8 threads in an inch are more conveniently cut by an 
additional wheel and pinion, because of the proper de- 
force of velocity being more eflTectively attained ; and 
these, on account of revolving upon a stud, are com- 
monly designated the stvid-wheels, or stud-whed and 
pinion ; but the mode of calculation and ratio of screw 
are riie s.ime as in the preceding rule. Hence, all that 
is further necessary is to fix upon any 3 wheels at 
pleasure, as those for the spindle and stud- wheels; 
then multiply the number of teeth in the spiudle-wheel 
hy the ratio of the screw, and by the number of teeth in 
that wheel or pinion which is in contact with tlie wheel 
on the end of the screw ; divide the product by the stud- 
wheel in contact with the spindle-wheel ; and the quo- 
tient is the number of teeth required in the wheel on the 
end of the leading screw. 
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£x. Suppose a screw is required to be cut containing 
25 threads in an inch, the leading screw, as before, 
having two threads in an inch, and that a wheel of 60 
teeth is fixed upon for the end of the spindle, 20 for the 
pinion in contact with the screw-wheel, and 100 for that 
in contact with the wheel on the end of the spindle ; 
required the number of teeth in the wheel for the eikd 
of the leading screw. 

«„ . « ,« ^ ^ 60 X 12-6 X 20 ^ ^^ 
25-1-2 =12-6, and — ^- — = 150 teeth. 

' 100 

Or suppose the spindle and screw-wheels to be those 
fixed upon, also any one of the stud-wheels, to find the 
number of teeth in the other. 

60x12-5 _-, . 60x12-6x20 ,^^ ^^ 

» _ 20 teeth, or = 100 teeth. 

150x100 150 
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= 


'iwThTn 


i 


■■.■■:,;'i,~ 


s 


_■■=;.- 1 


k 


i 


1 


II 


si 

1* 






5 


1! 


i 


°i 


a 


s 


=§ 


1 


A 




= 


"Bg 


1 


1 


°£ 


i 


I's 


'■i 


S-i 


i's 




1% 




"■3 


1^ 


'■i 




g^ 




IS 

1 


31 

80 


11 


II 


fl 


15 


If 


11 




It 


1' 


!l 


11 


40 


i 


40 


55 


20 


60 


19 


50 


95 


20 


100 




80 


50 


00 


85 


20 


90 


191 


80 


120 


20 


130 


ll 


80 


60 


ej 


60 


70 


20 


75 


20 


60 


100 


20 


120 




BO 


70 


9 


90 


90 


20 


95 


20i 


40 


90 


20 


90 


2 


80 


90 


a 


40 


60 


20 


65 


21 


80 


120 


20 


140 


•A 


80 


90 


10 


60 


75 


20 


80 


22 


60 


110 


20 


ISO 


9i 


80 


100 


lOJ 


50 


70 


20 


75 


22i 


80 


lao 


20 


160 


2i 


80 


no 


11 


60 


55 


20 


120 


^ 


80 


130 


20 


140 


3 


80 


120 


12 


90 


90 


20 


120 


^ 


40 


95 


SO 


100 




80 


130 


13} 


60 


85 


20 


90 


24 


65 


120 


20 


130 




80 


140 


13 


90 


90 


20 


130 


26 


60 


100 


20 


150 




80 


150 


13i 


60 


90 


20 


90 


251 


30 


85 


20 


90 


4 


40 


80 


13j 


80 


100 


20 


no 


^ 


70 


130 


20 


140 


*i 


40 


85 


14 


90 


90 


20 


140 


27 


40 


90 


20 


120 


4i 


40 


90 


Hi 


60 


90 


20 


95 


£» 


40 


100 


20 


110 


41 


40 


95 


15 


90 


90 


20 


150 


75 


140 


20 


150 


5 


40 


100 


16 


60 


80 


20 


120 


281 


30 


90 


20 


05 


51 


40 


110 


1^ 


80 


100 


20 


130 


so" 


70 


140 


20 


150 


6 


40 


120 


80 


110 


20 


120 


32 


30 


80 


20 


120 


61 


40 


130 


17 


45 


85 


20 


90 


33 


40 


110 


20 


120 


7 


40 


140 


171 


80 


100 


20 


140 


34 


30 


86 


ao 


120 


?i 


40 


150 


18 


40 


60 


20 


lao 


35 


60 


140 


20 


150 


8 


30 


ISO 


m 


80 


100 


20 ilSOJ 


36 


m 


90 


20 


120 



CONTINUOUS CIRCULAR MOTION. 



81 



Table by which to determine the dumber of TeeOi, ot 
Pitch of Small fVheels, by what is commonly called the 
Manchester Principle* 



Diametral 


Circular 


Diametral 


Circular 


pitch. 


pitch. 


pitch. 


pitch. 
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1-047 


9 


•349 


4 


•785 


10 


•314 


5 


•628 


12 


•262 


6 


^ -524 


14 


•224 


7 


•449 


16 


•196 


8 


•393 


20 


•157 



Ex, 1. Required the number of teeth tliat a wheel 
of 16 inches diameter will contain of a 10 pitch. 
16 X 10 = 160 teeth, and the circular pitch =. -314 inch. 

Ex, 2, What must be the diameter of a wheel for a 
9 pitch of 126 teeth ? 

126 

— = 14 inches diameter, circular pitch '349 inch. 

Mote. — The pitch is reckoned on the diameter of the wheel 
instead of the circumference, and designated wheels of 8 pitch, 
12 pitch, &c. 

Strength of the Teeth of Cast Iron Wheels at a given 

Velocity, 
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PRACTICAL PROPERTIES OF WATER 



Bj analysis it is ascertained, that water is composed 
of the gases oxygen and hydrogen in a state of chemical 
union ; its distinguishing properties, like that of othei 
liquids, being nearly incompressible^ gravity, capability 
of flowing, and constant tendency to press outwrm eb in 
every direction ; also that of being easily changed by 
the absorption of caloric to an aeriform state of any re- 
quired density or degree of elastic force: hence the 
principle of the hydraulic press, the water-wheel, the 
steam engine, &c. 

Effects produced by FFater in its natural State, 

Because of liquids possessing the properties of gravity 
and capability of flowing freely in every direction, sides 
of vessels, flood-gates, sluices, &.C., sustain a pressure 
equal to the product of the area multiplied by half the 
depth of the fluid, and by its gravity in equal terms of 
unity. 

But when a sluice or opening through which a liquid 
may issue is under any given continued head, tlie pres- 
sure is equal the product of the area multiplied into the 
height from the centre of the opening to tlie surface of 
the fluid. 

Ex. 1. Required the pressure of .water on the sidea 
of a cistern 18 feet in length, 13 in width and 9/iin 
depth, oj-'o^'ft^*^ -" 

The terms of measurement or unity are in feet, 1 cubic foot ot 
water = 62-6 lbs.; hence 18 x 9 X 2+ 13x 9X S^SSff^S*- 
4-6 X 62- 5 = 156937-6 lbs. Weight of water on bottom = 18 X 
13x9^x62-6 =13^626 lbs. 

Ex. 2. Required the pressure on a sluice 3 feet squarOy 
and its centre 30 feet from the surface of the water« 

3 X 3 X 90 X 62*5 =s 16875 Iba. pressuiQ. 
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The weight of water or other fluid is as the quantity, 
hut the pressure exerted is as the vertical height Hence, 
as fluids press equally in every direction, any vessel 
containing a fluid sustains a pressure equal to as many 
times the weight of the column of greatest height of 
that fluid, as Uie area of the vessel is to the sectional 
area of the column. ^lU^n^^ %,\JL» 

Er. Let a cubical vessel, whose sides are each 4 
square feet, have a tube inserted I inch iadiam'^ter, and 
6 feet in height, and let both vessel and tube be filled 
with water; required the whole weight of the water 
therein contained, and also the whole pressure exerted 
intending to burst the vessel. 

Cubic contents of the vessel = 8 feet, and each foot = 62-5 lbs. ; 
then 62-5 X 8 = fiOO^rea of pipe's section = -7854 indies, and 
height 72 inches, also a cubic inch of watej = -02617 lbs. : 
hence,-7854 X Tz X -03617 = 2 lbs. + 500 = 502 lbs., total 
weight of the water. 

Again ; the whole height of the column ^ 96 inches ; then -7854 
X 96 X '03617 s 2'33 lbs., pressure of column on an equ.il 

,., . , , . ^ M4x4x68ides 

area. 144 square inches = l square foot, and 

^ -7854 

= 4400-4 times the area of the pipe's diameter in the whole 
surface ; therefore, 4400*4 X 2-33 = 10253 lbs., or totaj amount 
of pressure exerted. 

To find the vdodiy of water issuing a circular orifice 
at any given depth fivm the surface, "*• 

Rule. — Multiply the square root of the height or 
depth to the centre of the orifice by 8*1 ; and the product 
is the velocity of the issuing fluid in feet per second. 

Ex. Required the velocity of water issuing through 
an orifice under a head of 11 feet from the suriace. 

V 11 = 3-3166 X 8-1 = 26-864 feet, velocity per second. 

In the discharge of water by a rectangular aperture in 
the side of a reservoir, and extending to the surface^ 
•the velocity varies nearly as the square root of the height» 
ana the quantity discharged per second equal f rds of 
the velocity due to the mean height, allowing for tb^ 



84 PBACTICAL PBOPERTIES OF WATJSK. 

contraction of the fluid according to the form of the 
opening, which renders the coefficient in this case equal 
to 5'1 ; whence the following general rules. 

1., When the aperture extends to the surface of the 
fluid. Multiply the area of the opening in feet by the 
equace root of its depth also in feet, and that product by 
5-1 ; then will §rds of the last product equal the quantity 
discharged, in cubic feet, per second. 

2. Wfien the aperture is under a given head. Mul- 
tiply the area of the aperture, in feet, by the square root 
of the deptli, also in feet, and by 5-1 ; the product is the 
quantity discharged, in cubic feet, per second. 

Ex, 1. Required the quantity of water in cubic feet 
per second, discharged through an opening in the side 
of a dam or weir, 3ie width or length of the opening 
being 6^ feet, and depth 9 inches, or *75 of a foot 

Square root of -75 = -SBG. 

_ G-5 X -75 X-86GX Six 2 , . „o^o w r . 

Then =14-3839 cubic feet. 

3 

Ex. 2. What would be the quantity discharged 
through the above opening, if under a head of water 4 
feet in height? 

Square root of 4 = 2, and 2 X 5-1 = 10-2 feet, velocity of the 
w.tter per second. And 6-5 X -75 X 2 x 61 = 49-725 cubic 
feet discharged in the same time. 

The combined properties of gravity and fluidity which 
water possesses, renders it so available as a source of 
motive power; gravity being the property by which the 
power is produced, and fluidity that by which it is so 
commodiously qualified to the various modifications in 
which it is employed. 

Water, it is ascertained, is subject to the same laws 
of gravity as tliose of solid bodies, and thereby accumu- 
lates velocity or effect in an equal ratio when falling 
through an equal space, or descending from an cquu 
height Hence, the velocity attained is as the square 
root of the height of its fall ; and it is now quite satis* 
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ftctorily decided, that, because of the non-elastic prop- 
erty of water, its ^eatest is obtained when acting by 
gravity throughout its whole height, whether it be ap- 
plied on a water-wheel, turbine, or other machine 
through which circular motion is to be the immediate 
xesult ^ 

In regard to water-wheels, and other machines 
through which motion is produced by the effort ot 
water, much discrepancy of opinion has, until lately, 
existed, both as to form and velocity, besides other 
essential points requisite in gaining a maximum of 
effect with the least possible strain ; but tlicse doubts 
are now in a ^eat measure removed through experi- 
ments by the Franklin Institute in this country, added 
to liiose in France by Morin, and the results of a pa- 
tented machine by Whitelaw and Stirrat, Scotland, 
combined with pertinent observations and remarks by 
interested parties in this as well as other countries. 
H6nce have been deduced the following demonstrative 
conclusions : — 

1. That, to gain a maximum of effect by a horizontal 
water-wheel, the water must be laid upon the wheel on 
the stream side, and the diameter of the wheel so pro- 
portioned to the height of the fall, that the water may 
may be laid on about 52| degrees distant from the 
summit of the wheel, or the height of the fall, being 1 
the height or diameter of the wheel equal I-IOS. 

2. Tnat the periphery of a water-wheel ought to move 
at a velocity equal to about twice the square root of the 
fall of the water in feet per second, and the number of 
buckets equal 2*1 times the wheel's diameter in feet; 
also, that precautionary means be adopted for the 
escape of the air out of the buckets, either by making 
the stream of water a few inches narrower than the 
wheel, or otherwise. 

3. That, because of water producing a less efficient 
power by impulse than gravity, turbines, or machines 
through whicn the motion is obtained by reaction, are 
great^ preferable to undershot, or low-breast whp^^ 
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4. That a head of water is required sufficient te 
cause the velocity of its flowing to be as 3 to 2 of tftM 
wheel ; ^ of the wheers diameter being an a]^roximate 
height, near enough for practical purposes. 

5. That the effective power of a wheel constructed 
according to these restrictions, is equal to the product 
of the number of cuhic feet and velocity in feet per 
minute, multiplied into •001325. 



Example for general lUusiration. 

Suppose a fall of water 25 feet in height, over which 
is delivered 112 cubic feet per minute; required the 
various peculiar requisites for a wheel to be in aeeord- 
ance with the preceding rules. 

Ist. 25 X 1*08 = 27 feet, the wheel's divoeter. 
2d. V 25 X 2 = 10 feet, velocity of the tvbeel 
in feet per second. 
Also : 27 X 21 = 56-7, say 57 buckets. 
3d. 27 -^ 9 = 3 feet, head of water raqutned. 
4th. 112' X 10 X 60 X 001325 = 89 horses' power. 

The turbine of Foumeyron, in France, and the 
patented water-mill of Whitelaw and Stirrat, Scotland, 
have, of late years, attracted a considerable share 
of public attention ; their simplicity of construction 
and asserted effects in like situations, being equal to 
those of the best applied water-wheels. In their manner 
of construction they differ, but in principle they are the 
same ; the action of each being created by a centrifugal 
and tangential force, caused by the weight or impulsion 
of a column of water whose height or altitude is equal 
to twice the height of the fall due to the water's velo- 
citv ; and in order to produce a maximum of effect in 
either the one or the other by the pressure and centrif- 
ugal force of the effluent water, it is necessary that the 
emitting tubes or helical channels of the machine be bo 
curved that the apertures shall be in a right line with 
the radius of the wheel. 
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1. That turbines are equally adapted to great as to 
small waterfalls. 

3. That they are capable of transmitting a useful 
effect to from 70 to 78 per cent of the absolute power. 

3. That their velocities may vary c<Misiderably from 
the maximum eflfect, without differing sensibly from it 

4. That they will work nearly as efiectually when 
drowned to the depth of 6 feet as when free, and, 
consequently, they will make use of the whole of the 
fall when placed below the level of extreme low water. 

5. That they receive variable quantities of water, 
without altering the ratio of the power to the effect 
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There is no application of science to the arts of 
more importance, and more extensive in its effects, than 
that of the employment of steam for driving all kinds 
of machinery. It is not my intention to eater into the 
details of the power of steam or the steam-engine, but 
to give some practical rules, the utility of which have 
been tested. 

Steam is of great utility as a productive source of 
motive power; m this respect, its properties are, elastic 
force, expansive force, and reduction by condensation. 
Elastic signifies the whole urgency or power the steam 
is capable of exerting with undiminished effect By 
expansive force is generally understood the amount of 
diminishing effect of the steam on the pnston of a 
steam-engine, reckoning from that point of the stroke 
where the steam of uniform elastic force is cut off; but 
it is more properly the force which steam is capable of 
exerting, when expanded to a known number of times 
its origiiial bulk* And condensation, here understood, 
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is the abstraction or reduction of heat by another bpdy 
and consequently not properly a contained property of 
the steam, but an effect produced by combined ajgfency, 
in which steam is the principal; because any colder 
body will extract the heat and produce condensation, 
but steam cannot be so beneficially replaced by any 
other fluid capable of maintaining equal results. 

The rules formed by experimenters, as corresponding 
with the results of their experiments on the elastic 
force of steam at given temperatures, vary, but ap- 
proximate so closely, that the following rule, because 
of being simple, may, in practice, be taken in preference 
to any other. 

Rule, — To the temperature of the steam, in degrees 
of Fahrenheit, add 100; divide the sum by 177 ; and the 
6th power of the quotient equal the force in inches of 
mercury. 

Ex. Required the force of steam corresponding to a 
temperature of 312°. 

312-1-100 

— = 2-3277« = 159 inches of mercury. 

177 

7\) estimate the amount of advantage gained by using 
steam expansively in a steam^ngine. 

When steam of a uniform elastic force is employed 
throughout the whole ascent or descent of the piston, 
the amount of effect produced is as the quantity of 
steam expended. But let the steam be shut off at any 
portion of the stroke, — say, for instance, at one-half, — 
it expands by degrees until the termination of the 
stroke, and then exerts half its original force ; hence 
an accumulation of effect in proportion to the quantity 
of steam. 

Rule. — Divide the length of the stroke by the dis- 
tance or space into which the dense steam is admitted, 
and find the hyperbolic logarithm of the quotient, to 
which add 1 ; and the sum is the ratio of the gain. 
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Ex. Suppose an engine with a gtroke of 6 feet, and 
fte steam cut off when the piston has moved through 

; required the ratio of gain by uniform and expansive 
force. 

6—2 = 3; hyperbolic logarithm of 3= 1-09864- 1 =20936, 
ratio of effect ; that is. supposing the whole effect of the 
steam to be 3, the effect by the steam being cut off at 
1 = 2-0986. 

Again ; let the greatest elastic force of steam in the 
cylinder of an en^ne equal 48 lbs. per square inch, 
and let it be cut on from entering the cylinder when 
the piston has moved 4^ inches, the whole stroke being 
18 ; required an equivalent force of the steam through- 
out the whole stroke. 

18-1- 4-5 = 4, and 4«^4 = 12. 

Logarithm of 4-f 1 = 2-38629. 

Then 2-38629 X 12 = 28-635 lbs. per square inch. 

In regard to the other case of expansion, when the 
temperature is constant, the bulk is inversely as the 
pressure; thus, suppose steam at 30 lbs. per square 
mch, required its bulk to that of original bulk, when 
expanded so as to retain a pressure equal to that of the 
atmosphere, or 15 lbs. 

15+30 

=: 3 times its original bulk. 

16 ^ 

It is because of the latent heat in steam, or water in 
an aeriform state, that it becomes of such essential 
service in heating, boiling, drying, &c. In the heating 
of buildings, its economy, efficiency, and simplicity of 
application, are alike acknowledged ; the steam, being 
simply conducted through all the departments by pipes, 
by extent of circulation condenses, — the latent heat 
being thus given to the pipes, and diffused by radiation. 
In boiling, its efficiency is considerably increased, if 
advantage be taken of sufficiently enclosing the fluid, 
and reducing the pressure on its surface, by means of 

8 
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an air-pump. Thus, water in a vacuum boils at about 
a temperature of 98*^; and in sugar-refining, where 
such means are employed, the sirup is boiled at 150^. 

Effects produced by Water in an Aeriform State. 

When water in a vessel is subjected to the action of 
fire, it readily imbibes the heat, or fluid principle of 
which the fire is the immediate cause, and, sooner or 
later, according to the intensity of the heat, attains a 
temperature of 212° Fahrenheit. If, at this point of 
temperature, the water be not enclosed, but exposed to 
atmospheric pressure, ebullition ^vill take place, and 
steam or vapor will ascend through the water, carrying 
with it the superabundant heat, or that which the water 
cannot, under such circumstances of pressure, absorb, 
to be retained, and to indicate a higher temperature. 

Water, in attaining the aeriform state, is thus uni- 
formly confined to the same laws, under every degree 
of pressure ; but, as the pressure is augmented, so is 
the indicated temperature proportionately elevated. 
Hence the various densities of steam, and correspond- 
ing degrees of elastic force. 
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TahU of (he Elastic Force of Steanty and correspowEng 
Temperature of ike Water vnth which it is in ContacL 



PrcMure per 
■Quare inch. 


Elutie Force in 


Temperature in Degrees of 


Vofume 
of Steam 


atinosplierie 
pressure 
included. 


Inches of 
Mercury. 


Metres of 
Mercury. 


Fahr. 


Reaum. 


Cent. 


compared 
with Vol. 
of Water. 


It». 


kilop. 














14-7 


6-()G8 


30-00 


-762 


2120 


80-0 


100-0 


1711 


15 


6-80 


30-60 


•778 


212-8 


80-4 


100-4 


1670 


16 


7-26 


32-64 


-829 


216-3 


81-9 


102-4 


1573 


17 


7-71 


34-68 


-880 


219-6 


83-3 


104-2 


1488 


18 


8-16 


36-72 


932 


222-7 


84-7 


105-9 


1411 


19 


8-62 


38-76 


-984 


225-6 


860 


107-6 


1343 


20 


907 


40-80 


1037 


228-5 


87-3 


109-2 


1281 


21 


9-52 


42-84 


1089 


231-2 


88-5 


110-7 


1226 


22 


9-93 


44-88 


1140 


233-8 


89-7 


112-1 


1174 


23 


10-43 


46-92 


1-192 


236-3 


90-8 


113-6 


1127 


24 


10-88 


48-96 


1-244 


238-7 


91-9 


1148 


1084 


25 


11-34 


51-00 


1-296 


241-0 


930 


1161 


1044 


26 


11-79 


53.04 


1-348 


243-3 


93-9 


117-4 


1007 


27 


12-25 


55-08 


1400 


245-5 


94-9 


118-6 


973 


28 


12-70 


57-12 


1-452 


247-6 


95-8 


119-8 


941 


29 


1315 


59-16 


1-503 


249-6 


96-7 


120-9 


911 


30 


13-61 


61-21 


1-655 


251-6 


97-6 


1220 


883 


31 


1406 


63-24 


1-607 


253-6 


98-5 


123-1 


857 


32 


14-51 


65-28 


1-669 


255-5 


99-3 


124-2 


833 


33 


14-97 


67-32 


1-711 


257-3 


100-1 


125-2 


810 


34 


15-42 


6936 


1-763 


259-1 


100-9 


126-2 


788 


35 


15-87 


71-40 


1-814 


260-9 


101-7 


127-2 


767 


36 


16-33 


73-44 


1-866 


262-6 


102-6 


128-1 


748 


37 


16-78 


75-48 


1-918 


264-3 


103-2 


1291 


729 


38 


17-23 


77-52 


1-970 


265-9 


1040 


129-9 


712 


39 


17-69 


79-56 


2-022 


267-5 


104-7 


130-8 


695 


40 


1814 


81-60 


2074 


269-1 


105-4 


131-7 


679 


41 


18-59 


83-64 


2-126 


270-6 


1060 


132-6 


664 


42 


1905 


85-68 


2-178 


272-1 


106-7 


133-4 


649 


43 


19-50 


87-72 


2-229 


273-6 


107-4 


134-2 


635 


41 


19-96 


89-76 


2-281 


275-0 


1080 


1350 


622 


45 


20-41 


91-80 


2-333 


276-4 


108-6 


135-8 


610 


46 


20-86 


93-84 


2-385 


277-8 


109-2 


136-6 


698 


47 


21-32 


95-88 


2-437 


279-2 


109-9 


137-3 


686 


48 


21-77 


97-92 


2-489 


280-5 


110-4 


1381 


676 


49 


22-22 


99-96 


2-541 


281-9 


1111 


138-8 


664 


50 


22-68 


102-00 


2-592 


283-2 


111-6 


139-6 


654 
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The preceding table is peculiarly adapted for esti-- 
mating the power of steam engines on the condensing 
principle, because, in such, the effective force of the 
steam is the difi'erence between the total force and the 
resisting vapor retained in the condenser. The fol- 
lowing table is more adapted for estimating the eifecta 
of non-condensing engines; as, in such, the atmos- 
pheric pressure is not generally taken into account, 
ei^gines of this principle being supposed to work in a 
medium; or, the atmospheric pressure on the boilers, 
to cause a greater density of steam, is equal to the 
resisting atmosphere which the effluent steam has to 
contend witti, on leaving the cylinder. 

Steam, independent of the heat indicated by an im-^ 
mersed thermometer, also contains heat tliat cannot be! 
measured by any instrument at present known, and, in 
consequence of which, is termed latent or concealed 
heat ; the only positive proof we have of its existence 
being that of incontestable results, or effects produced 
on various bodies. Thus, if one part, by weight of 
steam at 212°, be mixed with nine parts of water at 
62**, the result is water at 178'6° ; therefore, each of the 
9 parts of water has received from the steam IIB-G® ot' 
heat, and consequently, the steam has diffused, or given 
out, 116-6 X 9 = 10494 — 33-4 = 1016° of heat, which 
it must have contained. 

Again ; it is ascertained, by experiment, that if one 
gallon of water be transformed into steam at 212°, and 
that allowed to mix with water at 52°, the whole will be 
raised to the boiling point, or 212°. From these and other 
experiments, it is ascertained that the latent heat in 
steam varies from 940° to 1044°, the ratio of accumula* 
tion advancing from 212°, as the steam becomes more 
dense and of greater elastic force. Hence, the severity 
of a scald by steam to that of boiling water. 

Water holding impurities in solution tends to retard 
its attaining the aeriform state, and so impairs the 
amount of its elastic force at an equal temperature, as 
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exhibited in the following tables. Thus, common 
water boils at 212^' Fahrenheit 



Name of substance. 


Proportionnte quantity in 

100 parts 

by weight of water. 


Boiling 
points. 


Salts in sea water. 


3'03. 


213-20 F. 


Sulphate of soda 

Sulphate of iron 

Alum 


1 

.a 


31-6 

64 

52 

45 

57-6 

30 

60 

60 


213 
216 
220 
220 

222 
224 
246 
266 


Sulphate of lime 

Sulphate of magnesia . . 

Muriate of soda 

Nitrate of soda 

Acetate of soda 



Elastic Ihrce of Steam in Inches of Mercury, 

Common water > boiling point, 212® F. ( elastic force, 30 in. 
Sea water . . . > at 212 « J " 2305 « 

Common water > boiling point, 216*^ F. ( elastic force, 32*5 in. 
gea water ... J at 216 " J « 24-6 « 

Common water ) boiling point, 220° F. ( elastic force, 35-1 in. 
Sea water . . . > at 220 " J " 26-5 « 

Hence the propriety of procuring, for steam, water m 
its purest state. 

Effects produced by Mr m tis natural and also in a 
rarefied State, 

The weight or pressure of the atmosphere is equal to 
the weight of a column of water 34 feet in height, or to 
a column of mercury 30 inches in height, or to 14*7 lbs. 
average per square inch, at a mean temperature. But 
air, like all other gases, is rendered lighter by the ap- 
■ plication of heat ; for then the particles of the mass are 
repelled from each other, or rarefied, and occupy a 
greater space. Rarefied air, being specifically lightest, 
mounts above that of common density ; hence change 
of tempenture, and the principal cause of winds. 



M 
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Table of the Expansuyn of Mmospheric Air by Heat 



Degrees of 


Bulk. 


Degrees of 


Bulk. 


Degrees of 


Bulk 


Fahrenheit. 


Fahrenheit 


Fahrenheit. 




32° 


1000 


60"" 


1077 


100« 


1152 


35 


1007 


70 


1089 


120 


1194 


40 


1021 


75 


1099 


140 


1235 


45 


1032 


80 


1110 


160 


1275 


50 


1043 


85 


1121 


180 


1315 


55 


1055 


90 


1132 


200 


1364 


60 


1066 


95 


1142 


212 


1376 



The pressure or gravity of the atmosphere, being 
equal to a column of water 34 feet in height, is the 
means or principle on which rests the utility of the 
common pump, also of the syphon and all other such 
hydraulic applications. In a pump, the internal pres- 
sure on the surface of the liquid is removed by the 
action of the bucket; and as by degrees the density 
becomes lessened, so the water rises by the external 
pressure to the above-named height; and at such 
height it will remain, unless, by some derangement of 
construction taking place, the atmospheric fluid is 
allowed to enter and displace the liquid column. But 
observe, if the temperature of the water or other liquid 
be so elevated that steam or vapor arise through it, 
then, according to the vapor's accumulation of density, 
may the action of the pump be partially or wholly 
destroyed ; and the only means of evasion in such cases 
is, to place the working bucket beneath the surface of 
the liquid which is required to be raised. 



PUMPS. 



95 



Tabu showing the Quantity of Water per Lineal Foot in 
Pumps^ or Vertical Pipes of different Diameters, 



Diameter 

of pump 

in inches. 



2 
2 
% 

21 
3 

t 

31 
4 

4i 
4i 

f 

f 

e 

7 



n 



Number of 


Number of 


Diameter 


Numberof 


gallons per 


cubic feet 


of pump 


gallons per 


lineal ft. 


perlin. ft 


in inches. 


lineal ft. 


•136 


•0218 


8 


2176 


•172 


•0276 


li 


2314 


•212 


•0340 


2^456 


•257 


•0412 


8| 


2-603 


•306 


•0490 


9 


2-754 


•359 


•0576 


9i 


2-909 


•416 


•0668 


9i 


3068 


•478 


•0766 


9| 


3-232 


•544 


•0872 


10 


3-400 


•614 


•0985 


lOA 


3572 


•688 


•1104 


lOi 


3-748 


•767 


•1230 


10| 


3-929 


•850 


•1363 


11 


4-114 


•937 


-1503 


• lU 


4-303 


1-028 


•1649 


111 


4-496 


1124 


•1803 


111 


4-694 


1-224 


•1963 


12 


4-896 


1-328 


•2130 


12i 


5-312 


1-.436 


•2304 


13 


5-746 


1-549 


•2489 


nh 


6-196 


1666 


•2672 


14 


6664 


1-787 


•2866 


15 


7-650 


1-912 


•3067 


16 


8-704 


2-042 


•3276 


18 


11016 



NurabiTof 
cubic Tnt 
\iox lin ft. 



•S4D() 
•371-J 
•3;M0 
•4175 
•4417 
-4666 
-4-t23 
•5184 
-5454 
5730 
•601 3 
•6:502 
•6599 
•6:)02 
•7-212 

'im^ 

•7853 
•8521 
•9217 
•9939 
-0689 
-2271 
•3962 
•7670 



Examples iUiistrative of the Utility of the Tahle, 

1. Required the quantity of water lifted by each 
stroke of the bucket of a 9i -inch pump, the length of 
the stroke being 2k feet 

3068 X 2-25 = 6-903 gallons, each stroke. 

2. What length of stroke with a 6-inch pump will 
be necessary, to discharge 44 gallons of water per 
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minute, the number of strokes being 18 in the given 
time? 

44 

= 2 feet, the length of stroke. 



1-2^ X 18 



3. What must be the diameter capable of raisiiig 
25 cubic feet of water per minute, the length of tbE 
stroke being 2i feet, and making 16 effective strokciB 

TW>r miniitp ? 



per mmute r 

25 



2-6 X 16 



= -625, or lOf inches, nearly. 



It is by the oxygen of the atmosphere that conp- 
bustion is supported. The common combustibles ^ 
nature are chiefly compounds of carbon and hydrogen, 
which, during combustion, combine with the oxygen 
of the atmosphere, and are converted into carbon^ 
acid and watery vapor, different species of fbel re- 
quiring different quantities of oxygen. The qoantiQr 
required for the combustion of a pound of coal varies 
from 2 to 3 lbs., acpording to the quality of the coal. 
fiO cubic feet of atmospheric air is necessary, to pro- 
duce 1 lb. of oxygen. 

The pressure or fluid properties of the atmosphere 
oppose bodies in passing through it, the opposing le- 
s! stance increasing as the square of the velocity or tfte 
body, and the resistance per square foot in lbs. as its 
velocity in feet per second, multiplied into *002288. 
Thus, suppose a locomotive engine in a still atmosph^te, 
at a velocity of 25 miles per hour, presents a resisting 
frontage of 20 feet ; required the amount of opposing 
resistance at that velocity. 

25 miles per hour equal 36*67 feet per second. 
Then 36-672 X 002288 X 20=61-6 lbs., constant opposing 
force. 
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2We of the /broe and common Jtppdlations given to 
Winds at difierent VdocUies. 



'velocity of the Wind in 


Force in lbs. 

avoirdupois 

per square 

foot. 


Common Appellations 
given to the Wind. 


Miles per 
bour. 


Feet per 
second. 


1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

GO 

80 


1-47 

2-93 

440 

5-87 

7-33 

1467 

2200 

29-34 

3667 

44-01 

51-34 

58-68 

6601 

73 35 

88 02 

117-36 


•005 

•020 

•044 

•079 

•123 

•492 

1107 

1-968 

3075 

4-429 

6027 

7-873 

9-963 

12-300 

17-715 

31490 


Hardly perceptible. 
i Just perceptible. 

> GenUe, pleasant wind. 

> Pleasant, brisk gale. 

> Very brisk. 

> High winds. 

> Very high. 

A storm or tempest. 
A mat storm. 
A nurricane. 



In order to gain the greatest amount of the wind's 
impalsive effect, to produce rotary or circular motion by 
the sails of a wind-mill, the total surface of the sails 
presented to the wind ought to be about seven-eighths 
of the circle's surface which is formed by their motion, 
and each sail angled to the plane of motion as follows, 
the whip or back being diviaed into six equal parts : — 

Distance from centre of motion, 1 2 3 4 5 6>Smeaton'i 
Angle with plane of motioQ, IS^ 19 18 16 12A 71 mle. 
Bg G, FSarruUr, Liverpool, fM9ti 1814 9^ 5 
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FRICTION. 



Friction is an effect produced hy bodies rubbing 
one upon another, which acts as a retarding influence 
in tlie motion of all mechanical contrivances, bdt 
miffht not unfrequently be considerably diminished by 
a due regard to its laws, and a proper attention to 
the selection of those materials on which a uniforra 
smooth surface may be attained, and which, according 
to experiments, are least liable to tear or become ho^ 
and cause a roughness to arise when in working 
contact. 

Several doubts existed, until lately, respecting thfe 
laws of friction ; but those are now entirely removed, 
through the experiments of Mr. G. Rennie, on his own 
account, and those of M. Morin, acting for, and tindet 
the sanction of, the French government, from or by 
which the following laws have been fully established : — 

1. The friction accompanying the motion of tw6 
surfaces, between which no unguent is interposed, 
bears the same proportion to the force by which thos^ 
surfaces are pressed together, whatever may be the 
amount of that force. 

2. This friction is independent of the extent tjf tiie 
surfaces of contact 

3. Where unguents are interposed, a distinction is 
to be made between the case in which the surfaces ste 
fiimply unctuous and in intimate contact with one 
anoiiier, and the case in which the surfaces are wholly 
separated from one another by an interposed >6tratiiai 
of tlie unguent If the pressure upon a surface of 
contact of given dimensions be increased beyond a 
certain limit, tlie latter of these cases passes into the 
first; the stratum of unguent being pressed out, and 
the unctuous surfaces, which it separated fronn one 



FBICTlOil* ^ 

aaodier, beings brought into iotiinate edftf apt As lopg 
88 either of 3ie8e two states reo^aio, tbe laws of its 
friction are not aifected by the ]iresence of the unguent ; 
but, in the transition from the one state to the otiier, an 
exception is made to the independence of the friction 
upon the extent of the surface of contact ; for, sup- 
fomg the extent of two surlEaces of contact, between 
which a stratum of unguent is interposed, and which 
sustain a given pressure, to be continually diminished, 
it is evident, that the portions of this pressure which 
take efiect upon each element of the surfaces of con- 
iact will be continually increased, and that they may 
thus be so increased as to press out the interposed 
stratum of unguent, and cause the state of the surfaces 
to pass into that which is designated as unctuous, 
thereby changing the coefficient of friction. That 
law of friction, then, which is known as the law of : : 
the independence of the surface, is to be received, in 
the case where a stratum of unguents is interposed, 
only within certain limits. 

It will be understood, from what has been said, that 
there are three states, in respect to friction, into which 
the surfaces of bodies in contact may be made suc- 
cessively to pass : one, a state in which no unguent is 
present ; the second, a state in which the surfaces are 
unctuous, but intimately m contact ; the third, a state 
in which the surfaces are separated by an entire 
stratum of the interposed unguent 

Thjpou^hout each of these states, the coefficient ot 
fixation vs the same; but it is e^entially different in 
tl^ dififereot states. 

4. It is a law common to the friction of all the 
states of contact of two surfaces, that their friction, 
when in motion, is altogether independent of the 
velocity of the motion. M. Morin has verified this 
law, as well in various states of contact without inter- 
posed fluids, as in the cases where water, oils, grease, 
glutinous liquids, sirups, pitch, were interposed in a 
jppptiimous stratum. 



The yanety of the circumBtances under which theM 
laws obtain in respect to the friction of motion, ao^ 
the accuracy with which the phenomena of motion 
accord with them, may be judged of from one examplj^ 
taken from the first set of experiments of M. Mor|j^ 
upon the friction of surfaces of oak, whose fibres werQ 
parallel to the direction of their motion upon ono 
another. He caused the surfaces of contact to vary^ 
their dimensions in the ratio of 1 to 84, — from less 
than 5 square inches to nearly 3 feet square; tha 
forces which pressed them together he varied fron^ 
88 lbs. to 2205 lbs., and their velocities from the slow-^ 
est possible to 9-8 feet per second, — causing them to 
be at one period accelerated motions, at another uni- 
form, at a third retarded ; yet, through all tbi» wide 
range of variation, he in no instance found the co- 
efficient of friction to deviate from the same fraction^ 

of 0*478 by more than ^ of the amount of the 

fraction. 

i 
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RULES, TABLES^ ETC., RELATIVE TO 
BOILERS AND THE STEAM-ENGINE<« 

The \imkT of a steam-engine maj be explained ai 
that portion of the structure in which the vital prSi- 
ciple of the engine is generated; consequently, its 
construction is of the utmost importance ; for upon the 
proper efficiency of the boiler depends, in a gieat 
measure, the efficiency of the engme. r^ 

Boilers not unfirequently, because of unavoidabii 
peculiarities, are necessarily constructed of varioos 
fwms ; but, for land or stationary engine boilers, if no 
thwarting circumstances intervene, either the m* 
or cylindrical fomis are commanly reKoted to; 




BOILERS. m 

fSrmer ibr those of condeonng en^es, and the latter 
far those of the hi^h-pressure principle. 
' In the constraction of boilers, much attention ought 
to he paid in avoiding thin filins of water ^here the 
itction of the fire is great ; because it is neither oon- 
sistent with safety, nor can there be the proper qnan* 
^es of steam generated, according to the surface 
imposed, unless under some extraorainary degree of 
pressure. Also, convex surfaces, exposed to the action 
Kff the steam, unless properly supported, ought strenu- 
ously to be avoided. Large water spaces, concave 
surfaces, or straight plates securely staved, with ample 
steam-room, are the chief requisites to be attended to. 

L To determine (he proper ^wtntify of heating sur- 
fiee in a boUer for an engine wdh a q^inder of a given 
eapadty^ and tUam at any density required. 

Rule. — Multiply 375 times the area of the cylinder 
in feet by the velocity of the piston in feet per minute, 
and divide the product by the volume of steam to 1 of 
water at the denmty required, (see Table, paffe 91 ;) 
and the quotient is the amount of effective heating 
surfoce in square feet 

Ex, Required the amount of efiective heating sor- 
fine in a boiler for an engine whose cylinder is 4i 
square feet in area, and the piston'ii velocity f&i Itet 
per minute, the pressure of the steam to equal 5 lbs. 
^r square inch above the pressure of the atinosphere. 

575 X 4-6 X 2»4 _«- ^ ^ , ^. . ^ ^ * 

— ^^— — sss 295 sqaare feet, nearly ; the fire-gratB he- 
ItSS 

iag in nccordlanoe with the following mle. 

Multiply the number of square feet of heating sur* 
fiice by 'IS, the product equal the area of fire-gncte in 
^foare feet, thus : — 

S96 X '12 = 354 aquare feet of furnace bar. 

'■^^ iftetioe heating t^u^fiiee ia meant horuontal«iir^ 
over fire, flame, or heated air: vertical or aide aurfacat 
ting dioat 1| feet to eqaal la effect 1 or borixoBtal •01'*-''^ 
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BOfLERg. 

ft To ddermin^ the pnper dimensiotu for a wagons 
shaped boiler, when tht amount of effective heeding sut^ 
fitoe in oUfmartfeet is obtained by the preceding nde. 

The bottom surface ^ttal half the whole sur^e. 
The length of the boiler equ&l twice the square 
root of bottom^ surface. 

3. The width equal one-fourth the length ; and 

4. The height equal one-third the length. 

JSif. fiieqttir^ the dim^snaioas for a boiler of the 
wtgon foim, that may present an effective heating sur- 
fiice of 99^ 8quat« feet 

Bottom sarface =2d5-^2, or 147-5 sqaare feet. 
Lensth . . . =^H15 x 2, or 24-26 feet. 
Wkltti . . . a=S*«-r4, or 6-06 feet. 
Height. . . ±&: £4^-4-3, or 8-oe feet 

N<de, — The amount of Bide or vertical surface equal twice 
the leirgth of the boiler, added to the width, aad multiplied by 
•76 to obtaia that (^ enectiye surface ) hence, 

— -r = *-7 feet, depth of side floe. 

34X26 X« + 6-06 *^ 

%, fh -dekrftMf^ ffm dimensumB for a cyUndrical 



Ruh. — Extract the square root of 1*34 times the 
eSe^ve heating surface in square feet, and twice the 
root equal the boiler's circumference in feet ; also, the 
otftumference equal the length. 

Ex. Let a cylindrical boiler be required with an 
effective heating surface of 86 square feet; what must 
be its lengtii and diameter in feet^ 1 

V86X 1 -34 = 10-74 X 2 = 21-48 feet circumference, 61: 1i' 
feet 10 inohee diameter, and 21<48 feet ia iM^. 

^ol<.— Wheti tfri ihtetnhl fle^ is to be insuftefl IA aMl«r 
We eitexttal tfarfto 6f the boiiidt mky be dhttiniihbd ih l^fl^ 
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.•qiul to half the exposed surface of the flue. Obsen>6y also, 
.tlutt the height of the contained water in boilers generally 
ought to be ^out two^thirds tiie whole height of the boiler 



/ 

Spedfitd ParHeuUa^B relative to the Boikr and Engine. 

Diaaaeter of cylinders, 14 inches. 

l^mgth of stroke, 18 <' 

Lap of the Talve^ 1 inch. 

Diameter of driving wheels, 5k feet. 

Length of iDtemal fiie-boz, . . . S feet 11 J inches. 

Width of do.. 3 " 6 « 

Length of cylindrical part of boiler, 8 '' 8 ** 

Diameter of do., 3 ** 4A ** 

Length of tubes, 8 " llj ** 

Number of tubes, 133, of brass. 

Interior diameter of do., 1| inches. 

Diameter of blast-pape, 4 ^*^ 

Aboat 112 Iba. of coke, oonsamed in this boiler 
evaponie 84 gallons of water ; and from 20 to 25 lbs. 
of cdke are conswned per mile. 



Heating Powers qf Camburiible Suhriances. 



Species of combustible. 



Wood in its ordinar j etate 
Wood cbareoal ...... 

Coal 

Coke 

Turf 

Turf charcoal 



t 



lbs. of 
. water 

heated 
trom2Sr 



26 
73 
60 
65 
30 
64 



lbs. of boil- 
ing water 
eTftporated 
by 1 lb. of 
ll^el. 



4-72 
13-37 
10-90 
11-81 

645 
11-63 



lbs. of 

atmospheric 

air to each 

lb. of fuel. 



4-47 
11-46 

9-26 
11-46 

4-60 

9-86 
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STSAM-BNOIKSS. 



Table of Dimenriom for SUanhEngine CyUmUn hf 

ceUaraUd Maken, 



Stadonan Con> 

denfiaj; £nf Inn, 

bj Boulton ft Watt. 



Marim Encinea, 

by Manduey, 

Napier, ftc 



Higli«PnanifCL or 

Noa>C«iidenaiaf Englam, 

bj Tarfoos makan. 



- S I DUoMtei* of ^linden, 
I £ the tont el UwMam Maf , 




The unU of nominal power for steam-^nginefl, or the ^, ^ 
usual estimate of dynamical e^ct per minute of a "^ «. 
horse, called, by engineers, a hone-power, is 33,000 ibs^ ir*. 
at a velocity of I root per minute ; or, the effect of a < 
load of 200 Ibs^ raised by a horse, for 8 hours a day, ?s 
at the rate of 21 miles per hour, or 150 lbs. at the rate ^ 
of 230 feet per minute. J 
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FBOf^TIES OP BODIiS. 
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SU 
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nm 


4)i 


4b 
*84 






IIW 


13a 


















S,T;;::;;; 
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.vt 


9630 










































4* 












'^^■'■ICL 


BOU 


40 


*^ 




■13 


Si 
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«t 
















4K 




IK 














9&10 










MH 










hll 
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Wi 
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PKOPKRTIES OF BODIES. 



u^ni 




^ 






it 
I 


cl 


. .l..~l 


NaiuM. 


i-i 


-•'^i^^f^^p-i^. 


NaniH. 


li 


Acid,iiilphiiric 


ISfiO 


"l8-5 


Hvdriodic Bcid gas 
Chlotine " " 


4340 


" nitric , . 


1S71 


IS'7 




" muriatic . 


1200 


IS-O 


Carbonic " '• 




" flDDric . . 


lOSO 


106 


NitroDi oiido " 


1627 


" citric . . 


103* 


10-3 






" Metic . . 


1062 


KM 


S^" « 




W.torttamth6 






Caf&nic oiidB " 




Biitic 


1015 


vys 


CathurelBd hj- 




Water rtom the 






Pi^B^"acid " 


972 


Dead Sea . . . 


1240 


ia-4 


937 


Watoi from Iho 






Ammdriaea! " 


590 




10^ 


10-3 


StelDi of water " 




Water. diitiUed 
OUi.cipreised: 


1000 


1(H) 


Hydrogen 


m 






li^e^. . . . 


940 


9-4 


Weight of water a 




•weet almand 


9^ 


9-3 






wbale .... 




9-2 


lcnWcln.= -03617 


b. 




9S6 


9-3 






oUtb 


915 


9-2 


;; ;| = «fj^p 


gal'a- 


Oil>,«»eiiti>l: 






trlin.ln,= -02843 






1043 


104 




la.eiider . ! 


B94 


■9 


" " = Glmp.ealla- 1 


Scr:: 


870 


■7 
1 


1-Slmp.|a]l.. = lcwt 




Alcohol 


8!S 


■a 


SQ4 " " =ll«n 




Ethw, nitric . . 


908 








Proof «[drit . . 


9M 


■s 








J009 


10-1 
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PRACTICAL TABLES. 



WEIGHT OF METALS. 



WROUGHT iron; SQUARE, ROUND, AND FLAT. 

Table L contains the weight of Sqaare Iron in sizes, 
from i inch to six inches square, advancing by i inch ; 
ai^ from 6 to 13 inches square, advancing by | inch ; 
and in lengths, from 1 foot to 18 feet The sizes are 
arranged m the first column of each page, and the 
lengths along the top ; the weight in lbs. immediately 
nuaer the lengths, and in a line with the sizes. 

Table IL contains the weight of Round Iron in sizes 
iiom I inch to 6 inches diameter, advancing by ^ inch ; 
and fiom 6 to 12 inches diameter, advancing by | inch ; 
and in lengths firom 1 foot to 18 feet The sizes, 
lengths, and weights are arranged as in Table L 

Table IIL contains the weight of Flat Iron in 
widths, from i inch to 6 inches diameter, advancing by 
i inch ; in thicknesses from i inch to 1 inch, advancing 
by I inch ; and in lengths, from 1 to 18 feet The 
widths, lengths, and weights, aro arranged as in the 
preceding tables, and the thicknesses alongside of the 



llQr^ PiM^eriQAL tables, 

TABLK I SaUARE IRON. 



size. 


Ift 


2ft. 


3ft. 


4ft. 


5 ft. 


6 ft. 


7ft. 


8ft. 


9ft. 




inch. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs 




i 


0^ 


04 


0^ 


0« 


1-1 


1*3 


1-5 


1-7 


19 




f 


0-5 


10 


14 


1-9 


2-4 


2-9 


3-3 


3-8 


4-3 




h 


0-8 


17 


2-5 


3-4 


4-2 


5-1 


5-9 


6-8 


7-6 




1 


1-3 


2*6 


4-0 


5-3 


6-6 


7f» 


9-2 


10-6 


11-9 


■ 


1 


1-9 


3-8 


5-7 


7-6 


9-5 


11-4 


13-3 


15-2 


17-1 




i 


2-6 


5-2 


7-8 


10-4 


12-9 


15-5 


18-1 


20-7 


23-3 




1 


3-4 


6-8 


10-1 


13-5 


16-9 


20-3 


23-7 


27-0 


30-4 




11 


4*3 


8*6 


12-8 


171 


21-4 


25-7 


29-9 


34-2, 


38-5 




u 


5-3 


10*6 


15-8 


21-1 


26-4 


31-7 


37-0 


49-2 


47-5 




H 


6-4 


12-8 


19-2 


25^ 


32-0 


38-3 


44-7 


51-; 


57-5 




U 


7'6 


15-2 


22-8 


30'4 


38-0 


45-6 


63^ 


60-8 


^'i 




11 


8'9 


17-9 


26-8 


35-7 


44*6 


53-6 


€2-5 


71:4 


80-3 




11 


10'4 


20-7 


3M 


41*4 


51-8 


621 


72-5 


82^ 


93-2 




n 


11-9 


23*8 


35f6 


47-5 


59-4 


71-9 


jSarSJ 


05-1 


lOS-9 




2 


13-5 


27-0 


40-6 


54-1 


67-6 


8M 


94-6 


108-2 


121-7 




24 


15-3 


30-5 


45-8 


61-1 


76-3 


91*6 


^06-8 


122-1 


137-4 




2i 


171 


34-2 


61-3 


68-4 


85-6 


102-7 


119-8 


136-9 


1540 




21 


19»1 


38-1 


57-2 


76-3 


95-3 


114^4 


193-5 


152-5 


171-6 




2J 


21-1 


42-2 


63-4 


84-5 


105-6 


12G-7 


147-8 


169-0 


190-1 




2f 


23*3 


46-6 


69-9 


93-2 


116-5 


139-6 


163'0 


186*3 


209-6 




21 


25-6 


51-1 


76-7 


102-2 


127-8 


158-4 


lW-9 


284-5 


3ao-o 




^1 


27-9 


55-9 


83-8 


111-8 


139'7 


167-e 


195-7 


«i3-5 


951-5 


' 


3 


30-4 


60*8 


91-2 


151-7 


152-1 


182-5 


212-9 


243-3 


973-7 




Sh 


33-0 


66-0 


99-0 


132-0 


165-1 


198-1 


231-1 


264-1 


297-1 




3i 


35-7 


71-4 


107-1 


142-8 


178-5 


214-2 


249-9 


285-6 


321-2 


I 


31 


38-5 


77-0 


115-5 


154-0 


192-5 


231-0 


269-5 


308-0 


346-f 


i 


3i 


41-4 


^•8 


124-2 


165-6 


207-0 


248-4 


289-8 


331-3 


372-- 


r 


31 


44*4 


88-8 


133-3 


177-7 


?«9("1 


266-5 


310-9 


355-3 


399-f 


i 


31 
3g 


47-5 


95-1 


142-6 


190-1 


237-7 


285-2 


332-7 


380-3 


4a7M 


3 


5'>8 


101-5 


152-3 


203-0 


253-8 


304-5 


355-3 


406-0 


456-1 
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PBACTICAL TABLES. 
BLS I aaUARE IBOH. 



■lie. 


1ft. 


2ft. 


3ft 


4ft. 


5ft. 


6 ft. 


7ft. 


8ft. 


»«: 


iDCh. 


~ibl~ 


lb.. 


at. 


lb*. 


ItaT 


Ite. 


lU. 


IbL 


"ibT 


4 












394-S 


3784 


439^ 


4864 


4t 










4094 


460-1 




a 




IBM 




3664 


«^>4 


4884 


549^ 


41 


»r 




! ^ SBM 


388-!l 


4994 




589-3 


u 


aoM 


953* 


349^ 






547-U 


6164 


» 


144« 


MM 




361-S 








650-7 


41 








381-3 




5334 






41 


law 


!UI-0 


391-3 


461-7 


4894 


6694 


649-7 


7934 


5 


84-5 


.« 


as^ 


337-9 


«tM 


5064 


591-4 


67S-S 


76W 


51 




m» 


9664 




443-fl 








799-1 


5* 


93^ 




979-5 


373-7 


^S 


5S9H) 


6399 


745-3 


&3a-5 


5» 




^ 




39IM 


BBS4 


683-6 




8784 


5j 


109^ 




30&7 












0904 


L* 


M 


3a»« 


«97-8 


33*8 








eS4 


5* 


aaa-s 


33W 




5584 


6T04 


789-3 






5i 


S33-3 


3S04 


468-7 


5834 


7004 


816^ 


9334 


10504 


6 


191-7 


9434 


36M 


4S6-7 


606-3 


Txm 


841-fl 


, 1 


61 






3K-I 








9944 




^. 












6564 


^7 




61 


15M 


30M 




616-0 


770-1 


994-1 


1078-1 


^ 


7 


1«M 


331« 


4964 


6694 




>S34 


15ft~l 


I39S-l|l490^ 


71 




3554 


S334 




Ji 


IMfl 


38IW 


6JW 




71 


awfl 


Me« 


B)9-l 




8 




61 




81 


M 




81 


■H 


ami 


9 


« 


MS« 
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TABLE I 


eaUABE IKOK. 






size. 


10ft 


llft.jl2ft. 


13 ft. 


14 ft.' 15 ft 

1 


16ft. 


17 ft 


18 a 


inch. 


lbs. 


lbs. 


lbs. 


lbs. 


Ibi. 


Hm. 


lbs. 


lbs. 


iUk 


4 


540*8 


594-9 


649H) 


703*1 


757-2 


811-3 


865*3 


919*4 


973*5 


4& 


575-2 


632-7 


690-2 


747-7 


805*2 


8GS-8 


920*3 


977-8 


inw>*3 


4i 


61(W) 


671*6 


732-7 


793-7 


854-6 


915-8 


976-9 


W37-9 


1099*0 


4| 


646*0 


711-7 


776*4 


841-1 


905*8 


970*5 


1035*2 


1099*9 


1164-6 


4h 


684-5 


752-9 


821*4 


889-8 


958-3 


1026-7 


1005-2 


1163*6 


1232*1 


4t 


793-1 


795-4 


867*7 


940H) 


1012-3 


1064*6 


1156-9 


1229-2 


1301*5 


41 


762*6 


838-9 


915*2 


991*4 


1067-7 


1144-0 


1290-2 


1296-5 


1372-8 


4i 


803-3 


883-7 


964-0 


1044-3 


1124-7 


ISa'H) 


1285-3 


1365-7 


1446-0 


5 


844*6 


»9-3 


1013-8 


1096-2 


1182*7 


1967-2 


1351-7 


1436-2 


1580-6 


5i 


887-8 


976-6 


1065*4 


1154-2 


1243-0 


1331-6 


1420-5 


1509-3 


1598-1 


Si 


931*7 


1024-8 


1118-0 


1211-2 


1304-4 


1397*5 


1490-7 


1583-9 


1677-0 


5} 


976*6 


1074-2 


1171*9 


1269-5 


1367-2 


1464*9 


1562-5 


1660-2 


1757-8 


54 


1022-4 


1124-6 


1226*9 


1329-1 


1431-4 


1533*6 


1635*8 


1738*1 


1840-3 


5S 


1069*5 


1176-5 


1283*4 


1390-4 


1497-3 


1604*3 


1711-2 


1818*2 


1925*2 


5J 


1117*6 


1229-3 


1341*1 


1452*8 


1564*6 


1676*3 


1788*1 


1899*9 


2011'G 


5i 


1160*0 


1283-4 


1400*1 


1516*7 


1633-4 


1750*1 


1866*7 


1983*4 


2100*1 


6 


1229 6 


1338*3 


1460*0 


1581*6 


1703-3 


1825*0 


1946*6 


2068-3 

• 


2190*0 


64 


1320*4 


1452*4 


1584*4 


1716*5 


1848-6 


1980*6 


2112-6 


2244-7 


2376-7 


6J 


1428*2 


1571-0 


1713*8 


1856*6 


1999*4 


2142*2 


2285-1 


2427*9 


2570-7 


61 


1540*1 


1694-1 


1848*1 


2002*2 


2056-2 


2310-2 


2464-2 


2618*2 


2772*2 


7 


1656*3 


1822K) 


1987*6 


2153*2 


2318-8 


2484*5 


2650*1 


2815*7 


2981*4 


7i 


1776*7 


1954-4 


21321 


2309*7 


2487*4 


2665*1 


2842*8 


3020*4 


3198*1 


7i 


1901*4 


2091-5 


2281*6 


2471*8 


2661*9 


2852*0 


3042*2 


3232*3 


3422*4 


71 


3030-2 


0233-3 


2436*3 


2639*3 


2842*3 


3045*4 


3248*4 


3451*4 


3654*4 


8 


2163*4 


2379*7 


2596*0 


2812*4 


3028*7 


3245*0 


3461*4 


3677*7 


3894-0 


8i 


2300*7 


2530*7 


2760*8 


2990*9 


3220*9 


3451*0 


3681*1 


3911*1 


4141*2 


8i 


2442-2 


2686*4 


2930*6 


3174*9 


3419*1 


3663*3 


3907*5 


4151*7 


4396*0 


81 


2588-0 


2846*8 


3105*6 


3364*4 


3623-2 


3882*0 


4140*8 


4399*6 


4658*4 


^9 


2737-9 


3011*7 


3285*5 


3559*3 


3833*1 


4106*9 


4380-7 


4654*5 


49r 
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TABLE I.— SaUARE IRON 



Rize. 


la 


2ft 


3ft. 


4ft. 


5ft. 


6ft. 


1^ 


8ft. 


9ft 


inch. 


lbs. 


llM. 


lbs. 


Hm. 


Ibfl. 


Ibf. 


lbs. 


lbs. 


ihsj 


9i 


9B&Q 


S78-4 


867*7 


1156*9] 1446*1 


1785*3 


9094*5 


9313*8 


2603-0 


305*1 


610*1 


915-2 


1990-3 


1505*3 


1830*3 


9135*4 


9440*4 


2745-5 


91 


3B1-3 


649-7 


964*0 


1985*3 


1606*7 


1928*0 


9949-3 


9570-7 


2692-3 


10 


337*9 


675*6 


1013*8 


1351*7 


1689*6 


9097*5 


9365*4 


3703-4 


3041*0 


lOi 


355*1 


710-3 


1065*4 


1490*5 


1775*7 


9130*8 


9486-0 


96411 


3I9G*2 


lOi 


37*7 


745*3 


1118*0 


1490*7 


186^*4 


9236-0 


9608*7 


2961*4 


3354*0 


101 


390*6 


781*3 


1171*9 


1569*5 


1953*1 


9343*8 


9734-4 


3125*0 


3515*7 


11 


«)9H) 


817*9 


1996*9 


1635*8 


9044-8 


9453*8 


3869*7 


3271*7 


3680*6 


lU 


«7*8 


a'>5*6 


1383*4 


1711*9 


9139-1 


9566*9 


2994-7 


3429-.'> 


3850*3 


Hi 


447*0 


894*0 


1341*1 


1788*1 


9935*1 


2683*1 


3129-9 3576*9 


4093*2 


lU 


460*7 


933*4 


1400*1 


1866*7 


9333*4 


9800*1 


3266*8 


3733*5 


4900«2 


12 


480*7 


973*3 


1460-0 


1946-6 


9433^3 


2919-9 


340&6 


3809*9 


4379*9 
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TABLE I 


SaUARE IRON. 






iim. 


10 ft. 


lift. 


12 ft. 


13 ft. 


14 ft. 


15 ft. 


16ft. 


17 ft. 


18 ft. 


fneh. 


Ibt. 


Urn, 


lbs. 


Ibfl. 


lbs. 


Ibi. 


Ibt. 


IbiL 


Ibt. 


91 


96684 


3181^ 


3470HS 


3759-9 


4049-1 


4338-3 


4627-5 


4916<r 


5906-0 


9h 


305O6 


33S5-6 


3660-7 


3965-7 


4970-8 


4575« 


4880-9 


5186-0 


5491*0 


9} 


asi3*3 


8534-7 


3856-4 


4177-3 


4498-6 


4690-0 


5141-3 


MBSte 


5784*0 


10 


337»fi 


3717-1 


40550 


4398-0 


4730-9 


5068*8 


5406-7 


5744*6 


60e8'6 


104 


3551-4 


3906-5 


4961-6 


4616-6 


4971-9 


5337-0 


5689*9 


6037-3 


6382*4 


m 


379fr7 


4099-4 


4479-1 


4844-7 


5217-4 


5590-1 


5969-8 


6335-4 


6706*1 


101 


3806-3 


4S970 


4687-5 


5078-9 


5468-8 


5859-4 


6950-0 


6644-7 


7031*3 


11 


4069^} 


4I96-6 


4907-5 


5316-5 


5725-4 


6134*4 


6543*4 


68S9-3 


7361-8 


lU 


4278-1 


47t.6-9 5133-7 


5561-6 


5989-4 


6417-9 


6845*0 


7872-8 


7700-6 


lU 


447(Ki 


4917-3 5364-3 


5811-3 


A25R-3 


6705-4 


71594 


7599*4 


8046*4 


Hi 


4666*8 


5133-5 


5600-S 


6066-9 


6533-6 


7000-3 


7466*9 


7983*6 


8400-3 


U3 


4866*6 


53S34 


5839-9 


6396-5 


6813-9 


7299*8 


7786-5 


8a73'9 


6759« 
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TABLE II.-^ROUND IROK. 





mae. 


1ft. 


3ft 


3ft 


4ft 


5ft. 


6ft. 


7ft. 


8ft. 






lack. 


Ibflb 


llM. 


lbs. 


Uw. 


IlM. 


Um. 


lbs. 


Um. 


JtoSL ; 




i 


(h9 


0-3 


0*5 


0-7 


0-8 


1-0 


1-9 


1*3 


1^1 




i 


0-4 


0-7 


M 


1-5 


1-9 


2-9 


2-6 


m 


3-4 




il 


0-7 


1-3 


2H) 


2-7 


3-3 


4-0 


4-6 


5-3 


6*0; 




t 


1-0 


2-1 


3-1 


4-2 


5-2 


6-3 


7-3 


8-3 


9-4 




1 


1-5 


yo 


4-5 


&0 


7-5 


9H) 


10-5 


11*9 


13-4* 




} 


9r0 


4-1 


6-1 


6-1 


104 


]»9 


14r2 


16-3 


18-3. 

1 
f 




1 


S-7 


5-3 


8H) 


10-6 


13-3 


15-9 


18-6 


91'2 


23^ 




li 


3'4 


6-7 


lO-l 


13-4 


16-8 


90-2 


23-5 


26-9 


3>2 




u 


4<3 


8-3 


12-5 


16-7 


90-9 


95H) 


99-2 


33*4 


37-5 




11 


6-0 


10-0 


15-1 


90-1 


95-1 


30-1 


35-1 


40-3 


45-2 




li 


fre 


11-9 


17*9 


99-9 


99-9 


35-8 


41-8 


47-8 


58-7 




If 


7-0 


14*0 


21-0 


26-0 


35-1 


4Stl 


49-1 


56-1 


63*1 




li 


e-i 


16-3 


24-4 


33-5 


40-6 


48-8 


56-9 


65-0 


rj.2 




ij 


9-3 


18*7 


98H) 


37*8 


46*7 


56-0 


65*3 


74-7 


84*0 1 

* 
• 
i 




2 


l(h6 


21-2 


31-8 


^5 


53-1 


63-7 


74-3 


84-9 


i 

95-5: 




21 


12^) 


24-0 


36*0 


480 


59-9 


71-9 


83-9 


95-9 


107-9 i 




24 


13-5 


26^ 


40-3 


53-8 


67-2 


80-6 


94-1 


107-5 


121-0 ; 




21 


15-0 


30H) 


44-9 


60H) 


74-9 


89-9 


104-6 


119-8 


134«. 




2i 


16-7 


33-4 


50-1 


66-8 


83-4 


100-1 


116*6 


133-5 


150*2; 




21 


18-8 


36^ 


54-9 


73-2 


91-5 


100« 


128-1 


146*3 


164« 




21 


SO-] 


40^ 


60'2 


80-3 


100-4 


190-5 


140-5 


160*6 


ISO*? 




2i 


21-9 


43-9 


6S-8 


87-8 


109-7 


131-7 


153-6 


ns-6 


197*5 




3 


33^ 


47-8 


71-7 


95-6 


119-4 


143-3 


167-9 


191*1 


9190 




31 


95^ 


51-9 


77'8 


103-7 


129-6 


155-6 


181-5 


907*4 


a3»3 




3i 


SB-0 


66*1 


84*1 


112-9 


140-9 


168-9 


196-3 


994*3 


9SM 




31 


304 


60-5 


90-7 


191-0 


151-9 


181-4 


911*7 


941*0 


S9M ' 




3i 


324 


65H) 


97-5 


130-0 


1694 


195*1 


997*6 


960-1 


asM 




31 


34^ 


69-8 


104-7 


139-5 


174<4 


209-3 


944*9 


979-1 


3144 i 




3i 


37-3 


74*7 


119H) 


149-3 


186*7 


924H> 


961-3 


99»7 


33M 1 




31 


39^ 


79-7 


119-6 


159-5 


199-3 


939-9 


979*0 


318*9 


39»6 
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10ft. 


lift. 


12ft. 13 ft. 


14 ft. 


15ft. 


16fl:|l7ft.[l8ft{ 


i 

1 


"Tt 


Ibt 


4« 


9-3 


ItH. 


a*. 


6^ 


i 






»6 




M 




U-9 


< 




U-B 


13-6 








1*8 




IM 






SM 


as-4 




se-s 


i 


»3 


»4 


»* 


99-4 


30-5 




38-8 


1 


a»s 


1»9 


34-5 


ST-a 




49-5 


4S-1 


47-8 


1} 






4M 


437 


47-0 








60-5 


li 






W 


S4« 


G8-4 




ee-s 


7(hS 


7S-1 


11 


s«^ 






8M 


7D-3 




80-3 




90O 


it 


l»T 


ts^ 




77-6 


B» 




S5-6 




107-5 


11 








M-1 










1964 


11 




BM 


■74 


lOM 






13(M) 


136-9 


146-3 


li 


•M 


IttK 


ua-D 


m-3 


iao-7 


1404 


149-3 


1*8-7 


168* 


3 




IIM 


127-4 


13»0 


14B-6 


15»-9 


169-9 


180-5 


199-1 


31 




131-9 


M»9 


ISM 


167-8 








205-8 


!^ 




lei^ 


174-7 


WM 


901-6 


915-0 


898-5 




S 




IWJ 


90B-J 




339-6 


954-6 


969-6 


m 




aiM 


933-6 




967-0 


983^ 


300-4 


m 




837-8 


956-1 




989-7 


311-0 


3!1»3 


3t 




•BM 


ssi-a 






sai-a 




361-4 


Si 




stw 


9a>4 


«M 


307-9 


a9M 


3S1-1 


37*0 


**^ 


s 


1 


(MM 


a8»T 




334-4 


358^ 


38»^ 


406-1 


4304 


31 






31M 




363K) 


388« 




44fr7 


466-7 


3i 


oaiM 


308-4 


33&S 




39a« 


«1»6 


4484 


4767 


504^ 


M 






seM 




4B>4 


4EM 


4834 




S4*8 


at 




asT-e 


SW-l 


«» 


4SS4 


487-r 






S8« 


m 


MM 


MM 


41M 


4S3« 




693-3 




593-1 


627* 


at 


300 


«IIM 


44M 






S6frO 


mi<t 


«34« 




m 


30M 


t3»« 


<1»4 


SlB-9 


sse-1 


S»8-fl 


S37-8 


en-r 


~ 
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•ne. 


1ft. 


2ft. 


3ft. 


4ft. 


5ft. 


6ft. 


7ft. 


Sfl:. 


9fti; 


Indl. 


Ibfl. 


lbs. 


Ibfl. 


lbs. 


Ibfl. 


Ibfl. 


Ibfl. 


Ibfl. 


Ibiut 


4 


49*5 


84-9 


197-4 


160-9 


212-3 


254-8 


297-2 


339-7 


3894 


4} 


45^ 


90-3 


135-5 


180-7 


225-9 


271-0 


316-2 


361-4 


400*6| 


'4i 


48*0 


95-9 


143-9 


191-8 


239*8 


287-7 


335-7 


383-6 


431*6 • 


41 


SO-6 


101-6 


159-4 


203-3 


254-1 


304*9 


355-7 


403*5 


457-3 


*i 


53*8 


107-5 


161-3 


215K) 


268*8 


322« 


376*3 


430*1 


4894. 


41 


56*8 


113-6 


170-4 


297-2 


283-9 


340-7 


397-5 


454-3 


511*1 • 


14} 


60-0 


119-8 


179-7 


239-6 


299-5 


359-4 


419-3 


4794 


599-1 . 


4i 


63«1 


196-9 


189-3 


252-4 


315*5 


378-6 


441*7 


504*6 


5674 ; 

i 


5 


86^ 


133-5 


900-3 


267-0 


333-8 


400-5 


467-3 


534-0 


600-6 1 


5t 


eo-T 


139-5 


209^ 


278-9 


348^ 


418*4 


488*1 


557-8 


6974 ; 


5i 


73-9 


146-3 


219-5 


299-7 


365*9 


439*0 


5124 


585*4 


6564 i 


51 


76-7 


153-4 


930-1 


336-8 


383*5 


460*2 


5364 


613*6 


6908 1 


5i 


80-3 


160-6 


940-9 


321-2 


401-5 


481-8 


569-1 


649*4 


729-7 I 


5t 


84*0 


168-0 


299-0 


336-0 


420K) 


504-0 


588H) 


0794 


7564 i 


51 


87-8 


175-6 


963-3 


351*1 


438-9 


596-7 


614-4 


7024 


7904 { 


5J 


91-6 


183-3 


274-9 


396-5 


458-2 


549-8 


641*4 


739-1 


894^ ; 


6 


9Q-6 


191-1 


986-7 


389-2 


477-8 


579-3 


6684 


764-4 


8604 ' 


6i 


103^ 


907-4 


311-1 


414*8 


518*5 


6994 


7254 


flOQUt 


933-3 


6il 


112« 


S94»3 


336-5 


448-6 


560« 


673-0 


785*1 


8074 


1000^ \ 


6i 


121*0 


941-9 


389-9 


483^ 


604-8 


725« 


846*7 


9674 


10604 i 

1 


7 


13(H) 


960-1 


390*1 


590^ 


650*2 


780*3 


910*3 


1040*4 


11704 j 


7i 


139-5 


STO*! 


418-6 


558-2 


697-7 


837-3 


976*8 


1116*4 


19554 


7i 


Mg'S 


998-7 


448*0 


597*3 


741-6 


896-0 


1045*9 


1194*6 


184^ : 


71 


159-5 


318-9 


478-4 


637-8 


797*3 


956-7 


11164 


19754 


1439*1 1 


8 


169-9 


339-7 


509-6 


679-4 


849*9 


1019*1 


118M 




• 

15904 


8* 


180-7 


361*4 


549*1 


79»6 


909*5 


1084*9 


19644 


14454 


loooi 


^ 


191-8 


383HS 


505-4 


767-9 


969H> 


1150*6 


13«HI 


15S44 


179m| 


81 


90»3 


406*5 


009*6 


813HI 


1016-8 


1219i( 


14994 


1«M*1 


189»d 




9I5i) 


430*1 


645-1 


8004 


1075'9 


19904 


15054 


17904 


10904 



PEACnCAL TABLES. 
TABLE II. — KOUND IBO.f. 



riK 


10ft. 


lift. 


ISft. 


13ft 


14 ft. 


15 ft' 16 ft. 


17 ft. 


18 ft. 


ta^ 


Vm. 


Uh. 


~eaZ 


Urn. 


Ilx. 


Ibn. 1 lla. 


lb*. 


lb*. 


4 




<e?i 


Mwe 








TlM-9 


761-4 


41 


4S\1 


«w 








677-0' 733-9 


761-0 


BI3-I 


44 


nw 


SSI'S 








719-3' 7S7-a 




BG3-I 


41 


W»9 


6SWI 




Beo-6 




7C&9 613-0 


a63-M 




41 


sn^ 


Ml-4 




«»-9 


7aM 


80m' eetK 


913-9 


M7-7 


41 


M7-e 


eM-7 


esi-s 


738-S 


795* 


esi-8 M9« 


966-1 


loaM 


41 




«GfrS 


TIB« 




^0 


e98-s' 958~1 


1018-3 




4i 


"" 


ASM 


767-1 




1-3 


we-i'iow-s 


lora^ 




S 


«,. 


734-3 


SOI« 




-5 


lODI-3 lOCB-O 


1134-e 




51 


«r^ 




836-8 








» 


T31T 


8M-S 


878-1 








SI 


T«H» 


B13-7 


9a0-4 


WT-I 


1073-8 


1 150-5 'la 


a 


om 


883-3 


ees-s 


lOM-0 






51 

3 


s«>« 


»« 


1008-0 


109SKI 


1176< 


I360S(^13 






-a 


ISS-9 


] 


6 
61 


l"' 






« 


1337-7 


143M 1838*1 160m|i71M 




■ 5-Slli5»-3|l76JK)| 1886-7 


61 








!M;17»mJiW6^|9)1M 


et 










■7 
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TABLE II. — BOUND IBOIT. 



size. 


1ft. 


2ft. 


3ft. 


4ft. 


5ft. 


6ft. 


7ft 


8ft.. 


a«i 


inch. 


ibs. 


lb». 


lbs. 


U>9. 


lbs. 


lbs. 


lbs. 


Ito. 


• M 


91 


227-2 


454-3 


681-5 908-6 


1135-8 


1362-9 


1590-1 


1617-2 


904414 


239-8 


479-3 


718-8 958-4 


1198-0 


1437-6 


lfi77-2 


1916-8 


2156-4 


91 


352-4 


505-8 


757-1 


1099-5 


1261-9 


1514-3 


1766-6 


Wi9^ 


2991-4 


10 


266-3 


532-S 


798-9 


lf>65-2 


1331-4 


1,597-7 


1864-0 


2130-3 


2396-6 


lOi 


378-9 


557-8 


836-8 1115-7 


1394-6 


1673-5 


105S-5 


2231-4 


SftlO-3 


10^ 


2^7 


585-4 


878-1 1170-8 


1463-4 


1756-1 


2048-8 


9341-5 


99S4-9 


101 


306-8 


603-6 


920-4 


1927-2 


1534-0 


1840-8 


2147-6 


)MM-4 


9M1-9 


11 


321-2 


642-4 


963-6 


1284-9 


160iB-l 


1^-3 


2248-5 


3569-7 


2890-9 


lU 


336-0 


672-0 


1008-0 


1344-0 


1680-0 


2016-0 


2352-0 


9688-0 


3Q94-0 


lU 


351-1 


702-2 


1053-3 


1404-4 


1755-5 


2106-6 


2457-7 


2806-8 


3159^ 


111 


366-5 


733-1 


1099-6 


1466-1 


1832-7 


2199-2 


2565-8 


2»ifii-3 


3896*6 


12 


382-2 


764-4 


1146-6 


1528-8 


1911-0 


2293-2 


2675^5 


3057-7 


3439« 



FBACTIG4L TAfLBS. ISl 

TABLE II.->ROUKD imOlT. 



trize. 

taeh. 


lOft. 


lift. 


isa 


13ft. 


14ft. 15ft. 


16 ft. 


17 ft. 


18 ft. 


lbs. 


IlM. 


lbs. 


lbs. 


lbs. 


Iba. 


n«. 


Hm. 


lbs. 


H 


9371*5 


9496-7 


9793*8 


9053*0 


3I89*1 


3407*3 


3634-4 


9661-6 


4088-7 


H 


93984 


9635*6 


98794 


3114-8 


3354-4 


3594-0 


3893*6 


40734 


4319-8 


91 


9S33« 


9778*1 


3098*5 


3980-9 


3533-3 


3785*6 


4038-0 


4990-4 


4549-8 


10 


9008^ 


9999*9 


3195-5 


9161*7 


3798H) 


3994-3 


4960-6 


45064 


47994 


m 


37894 


3068*9 


3347*1 


3696-0 


3904-9 


41834 


4469-6 


4741-7 


5090-6 


m 


909IM) 


3919*6 


3519*9 


3804-9 


4097-6 


4390-3 


4663-0 


4975*7 


5a«-4 


m 


306fr0 


3374*8 


3681-6 


3966*4 


4S954 


4609*0 


4906*8 


5915-6 


5599-4 


11 


39194 


3533*4 


3854-6 


4175-6 


4497-0 


48184 


5139*5 


5460-7 


57814 


lU 


336(H) 


3696*0 


4039H) 


4368-1 


4704-1 


5040*1 


59761 


5712-1 


6048] 


Hi 


3511*0 


3809*1 


4913-9 


4564-4 


4915-5 


5966*6 


5619*7 


5068*6 


63]94 


HI 


366S-4 


4091*9 


4396*4 


4765H) 


5131-5 


5498*0 


5864*6 


6991*1 


0697-6 


12 


389»1 


4904*3 


4586-5 


4868*7 


53504 5733*1 


6115-3 


6487*5 


6879-7» 



m 
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TABX4E III — FLAT IBOH. 



Tk% 


Wid. 


1ft 


2ft 


3ft 


4ft 


5ft 


6ft 


7ft 


«ft «« 


inch. 


iBCb. 


lbs. 


»& 


Ibfl. 


Itw. 


lbs. 


\ha. 


Hw. 


ibfl. 


vm 




1 


e-6 


1*7 


9-5 


8-4 


4-9 


5»l 


5*9 


6-8 


76 




u 


1-1 


9-1 


&9 


4-9 


5-^ 


«« 


7-4 


8*4 


. 9-5 




u 


i-3 


9*5 


3-8 


5*1 


6*3 


7*6 


8-9 


lO-l 


11-4 




n 


1>6 


8'# 


4-4 


5-9 


7-4 


8-9 


10^ 


lim 


13-3 




3 


1*7 


3-4 


6-1 


fr« 


8*5 


10-1 


11-8 


13-5 


15-3 




21 


1-9 


3^8 


5-7 


7-6 


9-5 


11*4 


13-3 


15-9 


17-1 




2i 


8-1 


4*9 


&3 


8-4 


lO'e 


19-7 


14-8 


1&9 


190 




2i 


9-3 


4*6 


7^0 


9-3 


U-6 


13-9 


16-3 


18*6 


909 




3 


9*$ 


5-1 


7-6 


10*1 


19-7 


15*9 


17-7 


30-3 


998 




34 


3-7 


5-5 


8-S 


U-O 


13-7 


16-5 


19-3 


33-0 


94-7 




3i 


3*0 


6-9 


8*9 


11-8 


14« 


17-7 


90-7 


93»7 


90-6 




3i 


3*2 


6*3 


9-5 


19-7 


15-8 


19-0 


994 


35*4 


98-5 




4 


3-4 


JB« 


10-1 


13*5 


16^ 


90-3 


93-7 


97*0 


304 




4i 


3-6 


7-9 


10-8 


14*4 


18-0 


91-5 


95-1 


38»7 


33-3 




4i 


3-8 


7«6 


11-4 


15-9 


19-0 


99-8 


96-6 


30-4 


84-9 




4} 


4-0 


9-0 


19S> 


16-1 


90*1 


94-1 


981 


^3*1 


86-1 




5 


4<S 


8*4 


19-7 


16H) 


9M 


95-3 


99-6 


33*8 


88-0 




51 


4*4 


8-9 


13-3 


17-7 


99-9 


96-6 


31*1 


35*5 


139-9 




5i 


4'6 


9-3 


13-9 


18m 


93-9 


97-9 


33*5 


37*3 


41-6 




51 


4-9 


9-7 


146 


19^ 


94-3 


99-9 


34-0 


38*9 


43-7 




6 


5-1 


lO-I 


15-3 


30-3 


95-3 


30-4 


85-5 


40*6 


p6 




1 


1'3 


9-5 


3-8 


5-1 


6-8 


7-6 


8-9 


10*1 


J1-* 






1«6 


3-9 


4-8 


6-3 


7-9 


9-5 


11-1 


13-7 


14-3 


• 1 


l-ft 


3« 


5-7 


7-6 


9-5 


11-4 


13-3, 


15*3 


|7-1 




11 


3-9 


4-4 


fl-7 


8-9 


11*1 


13-3 


15-5 


17*7 


f^ 




2 


9-5 


5*1 


W 


10-1 


19-7 


15-9 


17-7 


.90^ 


9M 




^1 


M 


5-7 


8-3 


11«4 


14*3 


17-1 


90-a 


ls»B 


^ 


L 


31 


M 


9*3 


9-5 


19-7 


lk$ 


19-9 


«»% 
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TABLE 


ni.- 


-FLAT 


tftON. 






fli'k. 


Wid. 10ft lift 12ft 


idft 

Iba. 


14ft 


15ft 


IGft 


17ft 


18ft 


IMb. 


tack. 


■ 

llM. 


Ifafl. 


llM. 


Hm. 


llM. 


IlM. 


Hm. 


IlM. 


^ ' i 


1 


8-5 


9^ 


18^1 


114 


114 


19-7 


134 


14-4 


154 


4 ^ ^ 


u 


10-6 


ii-e 


19-7 


13-7 


144 


154 


164 


174 


194 


9 


u 


la-T 


23-9 


154 


184 


17*7 


194 


904 


914 


894 




11 


14-8 


18-3 


17-7 


194 


90-7 


994 


93-7 


95-1 


964 




2 


IM 


lfr6 


904 


994 


98-7 


99^ 


974 


98-7 


80-4 




2i 


19H) 


90-9 


994 


94*7 


964 


9B4 


30^ 


39-3 


344 




2j| 


811 


93« 


95-3 


974 


294 


31-7 


334 


35^9 


984 




^ 


93-9 


95^ 


374 


304 


394 


344 


3741 


38-5 


414 




3 


95^ 


Sn'9 


30-4 


334 


354 


384 


404 


43-1 


I9-6 




3i 


»7-5 


30*9 


334 


35-7 


38*5 


414 


434 


46-7 


484 




3i 


fi!H{ 


39*5 


354 


384 


414 


44-4 


474 


604 


134 




di 


31*7 


34*9 


384 


414 


44*4 


474 


50-7 


634 


•74 




4 


33<8 


37-9 


404 


434 


474 


58*7 


54*1 


074 


804 


• 


4i 


3S-9 


39-5 


43-1 


46-7 


504 


534 


574 


614 


644 


• • ■ 


4A 


3»0 


41*8 


454 


49^ 


534 


574 


60-8 


644 


•8*4 




41 


40*1 


44-1 


484 


j»4 


mud 


804 


644 


684 


794 




5 


«4 


484 


58^ 


544 


98-1 


834 


654 


714 


764 


- 1 


5i 


44*4 


484 


534 


57*7 


68*1 


684 


714 


754 


794 


• ^ 


s& 


484 


51-1 


554 


804 


65-1 


68*7 


74-4 


794 


•34 




51 


48-6 


53-4 


584 


634 


684 


794 


77-7 


894 


874 


^ 


6 


58^ 


564 


804 


654 


784 


784 


8M 




|14 


^ 


1 

H 
U 


19-7 


134 


154 


184 


17-7 


194 


90-3 


11115 


994 




15< 


17-4 


104 


904 


994 


934 


99*3 


984 


98-5 


! 


19« 
99« 


984 
94-4 


994 
904 


94-7 
984 


984 
31*1 


984 
'334 


104 
35-5 


384 
37^ 


•44 
•94 


-! 




9M 


974 


304 


334 


99-5 


384 


40*8 


.43-1 


4W 


98-S 


914 


344 


874 


884 


484 


454 


484 


•14 

r 


ii^ 


1 


114 


»M 


8t« 


414 


414 


474 


80-^ 


534 



TABI.E HI*— FLAT IRON. 







1 
















TJllL 


Wid. 


Ifk 3ft 


3ft 


4ft 


5ft 


6ft 


7ft 


dft 

llM. 


»^ 


iaclb. 


• meb. 


llNk. 


lb& 


lbs. 


lbs. 


lb& 


IlM. 


Ib8. 


link 


f 


21 


3-5 


7«0 


10-5 


13-9 


17-4 


90-9 


94*4 


97*9 


31-4 

• 


• 


3 


3-8 


7-6 


11-4 


15-3 


19-0 


99-8 


96*6 


30*4 


34-3 




3i 


4-1 


8-a 


lS-4 


16-5 


^90-6 


94-7 


98-8 


33*0 


37-1 




^1 

3i 


4*4 


8-9 


13-3 


17*7 


99-9 


96-6 


31-1 


35^ 


39-9 


% ■ 


3% 


4-» 


9-5 


14-3 


19*0 


93*8 


98-5 


33-3 


38*0 


43-8 


' M 


4 


5-X 


10>1 


15-3 


30*3 


95*3 


30-4 


35*5 


40*6 


45-6 




4i 


5*4 


10-8 


16-1 


31-5 


96-9 


33-3 


37-7 


43*1 


48-5 




4 


5-7 


llMl 


17-1 


32-8 


98-5 


34-3 


39-9 


45*6 


61-3 


1% 


41 


6^ 


lS-0 


18-1 


34*1 


30-1 


36-1 


49-1 


48*9 


64-3 




6 


6*3 


ia-7 


19-0 


35-3 


31-7 


38-0 


44-4 


Wi 


67-0 




5i 


6-7 


13-3 


30H) 


36-6 


33*3 


39-9 


46*6 


53-9 


69-9 




Si 


7*0 


13-9 


90-9 


37-9 


34-9 


41-8 


48-8 


55-8 


«3-7 




51 


7-3 


14-0 


31-9 


39-3 


36-4 


43-7 


51*0 


68-3 


63*6 




6 


7-6 


15-3 


33:8 


30-4 


38-0 

V 


45*6 


53*9 


60-8 


68-4 




1 


1-7 


3-4 


6-1 


6-8 


8-5 


10-1 


11*8 


13-5 


15-9 




u 


9*1 


4<d 


6-3 


8-4 


10-6 


13*7 


14-8 


16*9 


19-0 




14 


9^ 5*1 


7-6 


10-1 


19-7 


15-3 


17*7 


90*3 


93-8 


4 ^L 


li 


3^ 


^ 


8-9 


11-8 


14-6 


17-7 


90*7 


83*7 


96-6 




3 


8*4 


fr3 


10-1 


13*5 


16-9 


90-3 


93*7 


97*0 


30-4 


jl 


ai 


3-6 7 6 


11-4 


IM 


19H) 


93-8 


96*6 


30^ 


|4-9 




^ 


4-9, 8-4 


19-7 


16-9 


91*1 


95-3 


99*6 


3»6 


$8H) 




31 

1 


4*6^ 


9-3 


13*9 


18-6 


93*9 


97-9 


39*5 


37« 


^*8 




3 


M« 


10*1 


1&-9 


30*3 


95-3 


$0-4 


35*5 


40*6 


*5*« 




3i 


S'S 11*0 


16-5 


33-0 


97-5 


39-9 


38*4 


4»9 


(19*4 




^ 


M 11*8 


17*7 


93-7 


39-6 


35-5 


41*4 


4>3 


634 


' . » • 




fr3^ W-7 


19-0 


95*3 


31-7 


£-0 


44*4 


150-7 


fT-O 


-J- 


-4 


B"w 19^ 


^90*3 


sr^r 


33V 


40-e 


47^ 


134*1 


iS2 
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ta$ 
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TABLE III.- 


-PLAT ] 


[RON. 






' filch. 


Wid. 


10ft 


lift 


12ft 


13ft 


14ft 


15ft 


16ft 


17ft. 


idft 


inch. 


lbs. 


lbs. 


Ibfl. 


lbs. 


Iter. 


lbs. 


IfaK 


11m. 


llNk 


; I 


31 


34-9 


36*3 


41-8 


45^ 


48-8 


SB'S 


55«6 


50*3 


69-7 


i 


3 


38*0 


41*8 


45-6 


49>4 


53-9 


57*0 


60*6 


64-6 


68-4 


31 


41-8 


45-3 


49-4 


53-6 


67«7 


61-8 


65-9 


70-0 


74-9 


1 


3i 


44*4 


48-8 


53-2 


67-7 


6B-1 


66*5 


71-0 


75*4 


79-9 


i 


31 


47-5 


52*3 


57-0 


61-8 


foKrO 


71-3 


76H) 


80-8 


85-5 


1 


4 


60^ 


55-8 


6(h8 


65-9 


70-9 


76-0 


81*1 


86-9 


91-9 


i 


4| 


53^ 


59*3 


64-7 


70K) 


75^ 


80-8 


86-9 


91*6 


97-0 


f 


4i 


67-0 


62-7 


68-4 


74-2 


79-9 


85-6 


91-3 


97-0 


109-7 


1 


^ 


60-2 


06-2 


72-2 


78-3 


84-3 


90-3 


96-3 


102-3 


108*4 


} 


5 


69^ 


eg-7 


78-9 


82^4 


88-7 


05-0 


101*4 


107-7 


114-0 


1 


5i 


66-5 


73-2 


79-8 


88-5 


08-1 


no o 


106« 


113*1 


119-8 


i 


5i 


69-7 


78-7 


83-7 


90-6 


9r-6 


104*5 


111-5 


118*5 


195-5 


f 


5} 


72-9 


80-2 


87-5 


94-7 


102-0 


109-3 


116-6 


123*9 


131-9 


i 


6 


7&0 


83-« 


91-9 


96-9 


106-5 


114*1 


191^ 


199*3 


136-9 


i 
i 


1 


16-9 


18-6 


90-3 


22H> 


23-7 


25-4 


97-0 


28*7 


30-4 




21-1 


23-2 


25*3 


27-5 


29-6 


31-7 


33-8 


35-9 


38K> 


i- 




2S^ 


27-9 


30-4 


33-0 


35-5 


38H) 


40-6 


43-1 


45-6 


i 


If 


d9H5 


32*S 


35'5 


38*5 


41*4 


44*4 


47*3 


60*3 


63-9 


• 1 


a 


33-8 


37-2 


40-6 


43-9 


47*3 


60-7 


54-1 


57-5 


60-6 


•# 


31 


38*0 


41-8 


45-6 


48-4 


53-2 


57-0 


60-8 


64r6 


68-4 


} 


ss 


42^ 


46-5 


60-7 


54-9 


J59-1 


63*4 


65-6 


71*8 


76H) 


. i'^ 


s« 


46-5 


5M 


55-8 


60-4 


65*1 


69-7 


74*4 


79K) 


83-6 




3 


6(Mr 


55-8 


eo-8 


65-9 


70HI» 


76-0 


8M 


86-9 


91-9 


i 


84 


54*9 


60-4 


65-9 


71-4 


76-9 


88*4 


87-9 


93-3 


OOsft 


■J; 


3i 


S94 


es'i 


710 


76H) 


txrO 


88-7 


94-0 


100*6 


IQ6-5 


• I-: 


31 


63-3 


897 


76^) 


62-4 


88-7 


95-0 


101*4 


107-7 


114-0 


«;•-. ■ ». 


L- ^I .1 - 


- ^— -'— 1 






. 




«ak«.< 


«nn^ 


1^ MU\ 


^,J 
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PLAT IKOW 
















i i 1 




r™- 


Ttfh. 


Wid. 


1ft 


3ft 


3ft ft5|5ft|6ftj7ft 


8ft 


^ 


tach. 


|g^ 


«r 


IkK 


IM. 


Ihk 1 IIM. 1 IbA { Ibh 


Iba. 


■ku 




*i 


m 


1*4 


ai-5 


S0« 


574 


"^ 




41 


7< 


IS4 




S34 


GM 


6M 




41 


H 


10-1 


M-l 


684 


644 


7*» 




9 


W 


IM 


)H 


39-1 


67-6 


7M 




«i 


M 


' IM 


aM M4 69-1 


7l-« 


794 




» 


M 


3,^\ ■ M-l 


J4-4 


KW 




51 


■ n-T 


W-6 




6 


„| .,.. 


91-i 




1 


104 


iH> 




14 




S3^ 




M 


"1 . . . »« 


»» 




11 


»7 


74 


ll-l| IM BM 


3H, 




s 


44 


84 


IM 91-1 { 9M 


3M 


»* 




»1 




W 


3M 


3M 


«+ 




Si 




IM 




434 


47-fc 




31 


W 


IM 


4M 


4M 


»f 




3 


1»7 


^\^ 


6M! 


4 




9i 


1»7 


9M «w| «.l 




8I« 




» 




994 9m{ a-a 




<U 




81 


IM 


9M U4 


634 


"t 




4 


, IM 


5S.1 


6M 


3 




44 


M 


IM 


OH 






4i 


M 








h4i 




41 


IM 


ao-1 


sw 


704 


eo-3 


9o4 


1 


5 




„., 


«-r 


TM 


M-5 


gel 




51 






3»3 


BW 771* 


8B-7 






5i 




934 


MS 


46-5 S8-1 89-7 B14 


an 




- _ 


51 


»1 


■M 


J?l 


4mI M-tI T94 85fl 


J« 


m4 
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EtH 



TABLE fll.^FLAT lEON. 



k 


Tht 


Wid. 


10ft 


lift 

Um. 


\fSSi 


13ft 


14ft 


15ft 


16ft 


17ft 


l€ft 


1 

; 


Ineh. 


Inch. 


lbs. 


Ibt. 


lbs. 


llM. 


Ibt. 


iiifi. 


lbs. 


lb«. 


1 




42 


71«8 


79H) 


86*9 


99MI 


100*5 


107-7 


114*9 


199-1 


199-8 


t •. 




4i 


76H) 


83*6 


91*9 


0»9 


106-5 


114-1 


19W 


199-3 


1364 






41 


80*3 


88*3 


96*3 


104*3 


119*4 


190*4 


198-4 


136-4 


144-5 






5 


84*5 


90^ 


101-4 


109*8 


118-3 


196*7 


1354 


143-6 


159-1 






5i 


88*7 


97*6 


106*5 


115*4 


194*9 


133*1 


149*0 


150-8 


1S9-7 






» 


KH) 


lOS-3 


111-5 


190*8 


130-1 


130-4 


148-7 


158-0 


167-3 


■ 




51 


«>7-2 


106*9 


116-6 


196*3 


136H) 


145^ 


155-5 


1654 


1744 






6 


101*4 


1II-5 


191*7 


131*8 


141*9 


159*1 


1694 


173-4 


189-5 






I 


2M 


S3-9 


95-3 


97-5 


99-6 


31-7 


33-6 


354 


38-0 


1 




n 


90*4 


99-0 


31-7 


34-3 


37*0 


39-6 


49*9' 44-9 


47-5 






n 


31-7 


34-8 


38*0 


41*9 


44*4 


47-6 


50-7 53-9 


574 






11 


37*0 


40-7 


44*4 


48*1 


51-8 


56*5 


594 @-8 


66*5 


■ 




2 


^•3 


46*5 


59-7 


54-9 


60-1 


63*4 


67*6 71-8 


764 


i 




21 


47*5 


59*3 


57*0 


51*8 


66*5 


71*3 


76*0 1 80-8 


85-5 




^k 


21 


99« 


98*1 


69*4 


o8-6 


73-9 


79*9 


84*6, 89-8 


954 


■ 




21 


58*1 


63*9 


69*7 


75*5 


81*3 


87*1 


994 98-7 


104-5 


I 


- 


3 


63-3 


69-7 


76*0 


89-4 


88-7 


95K) 


101-4 107-7 


1144 


t 




31 


08-7 


75-5 


83-4 


89*3 


96*1 


108*0 


1094 116-7 

1 


1934 


1 




3i 


73-9 


81-3 


88*7 


96-1 


109-5 


110-9 


118-3 125-7 


133-1 


t. 

> 




31 


79*9 


87*1 


95*1 


109H) 


110-9 


118*8 


196*8 134-7 


1494 


1 

u 


• _ 


4 


84-5 


99i) 


101*4 


109-8 


118-3 


196-7 


1354 143-6 


159-1 


' 


A 


4J 


89-8 


98-8 


107-& 


116-7 


195-7 


134-7 


143^1 1594 


1614 


• - 

1 • 

1 




4^ 


95-1 


104-6 


U4-1 


193-6 


133-1 


149-6 


159*1 1614 


171*1 


1' 

• 


* * V 


41 


100-3 


110-4 


190-4 


130*4 


140*5 


190*5 


160*5 1704 


1804 


1 


A 


5 


105-6 


116-9 


196-8 


137-3 


147*9 


158-4 


1694 1794 


190*1 


t 


A 


5* 


110-9 


199*0 


133*1 


144-9 


155-3 


166*4 


177-5 188-5 


1994 




: f 


5il 


1164 


197*8 


139-4 


151-0 


im-6 


174-9 


1854 1974 


Mid 



lis 
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TABLE III FLAT IRON 















1 ' 


1 1 


Th'k, 

inch. 


Wid, 


1ft 


2ft 


3ft 


4ft 


5ft,6ft 


7ft 


8ft 


»ft 


indu 


ItM. 


lbs. 


lbs. 


Umu 


Um. 


Um. 


llM. 


Ibc 


Itab 


1 


6 


15W 


85-3 


38-0 


60-7 


63^ 


76H) 


88-7 


101-4 


114*1 




1 


3*5 


5-1 


7-6 


10-1 


19-7 


15-9 


17-7 


90-3 


S9« 


H 


3-2 


6*3 


9-5 


12-7 


15-8 


19H) 


93-2 


35-4 


28-5 


U 


3^ 


7*6 


11-4 


15-9 


1^0 


29-8 


26« 


30*4 


24'9 




11 


4*4 


8^ 


13-3 


17-7 


93-9 


96« 


31-1 


35-5 


3»9 




2 


5-1 


10-1 


15-9 


90-3 


95*3 


30-4 


35-5 


40« 


45« 


21 


6-7 


im 


17-1 


99-8 


98-5 


34-9 


39-9 


45-6 


51-3 


2k 


6-3 


12^ 


19H) 


95-3 


31-7 


38-0 


44-4 


50-7 


57*0 




21 


7-0 


13*9 


90-9 


97-9 


34-9 


41-8 


48-8 


55^ 


63*7 




3 


7-6 


15^ 


99-8 


30*4 


Sd-O 


45-6 


534 


60-9 


6»4 


3i 


8^ 


18-5 


94-7 


33H) 


41-9 


4»4 


57-7 


65-9 


74-9 




3i 


8^ 


17-7 


96-6 


35-5 


44-4 53-9 


62-1 


71-0 


79*9 




31 


9-5 


19-0 


98-5 


38-0 


47-5 


57-0 


66-5 


76-1 


8»6 




4 


10-1 


90-3 


304 


40-6 


50-7 


60-8 


70H) 


81-1 


91*9 


4i 
4i 
41 


10^ 


91-5 


39-3 


43-1 


53-9 


64*6 


75-4 


86-2 


97-0 




IW 


99-8 


34-9 


45-6 


57-0 


68-4 


79-9 


91-3 


10»7 




ISH) 


94-1 


36-1 


48-9 


60-9 


72-9 


84-3 


96-3 


108^ 




5 


19-7 


95*3 


38K) 


50-7 


63*4 


76-0 


88-7 


101-4 


114« 




Si 


13*3 


96-6 


39-9 


53-9 


66-5 


79-8 


93*1 


106-5 


]19« 




13-9 


97-0 


41*8 


55-8 


69-7 


83-7 


97-6 


Ul-5 


195-5 




51 


14-6 


99-1 


43-7 


58-3 


79-9 


87-4 


102K) 


116-6 


131'9 




6 


15-3 


30-4 


456 


60-8 


76-0 


91-3 


106-5 


121-7 


V3&9 




li 


5-1 


10-1 


15-9 


90-3 


95-3 


30-4 


35-5 


40-6 


4M 




2 


6-8 


13-5 


90-3 


27-0 


33-8 


40-6 


47-8 


54-1 


606 


I A • 


3 


lO*! 


90-3 


30-4 


40-6 


50-7 


60-8 


70-9 


81-1 


9Mi 




4 


13-5 


97-0 


40K{ 


54*1 


67-6 


81-1 


94-6 


lQB-1 


19»7 


Lk * 


5 


16^ 


33-8 


SO^l 


67-6 


84-5 101-4 


118*3 


13M 


IStf^l 


T 


6 « 


90-3 


40i» 


60-9 


81-1 


low'm-? 


141*9 


ItfHI 


tt^ 
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TABLE III FLAT IRON. 



Th'k, 


Wid. 


10ft 


lift 


I2ft 


13ft 


14ft 


15ft 


left 


17ft 


18ft 


iaelk 


inch. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


t 


6 


196»7 


139-4 


150-1 


164-8 


177-4 


190-1 


903-8 


315-4 


298-1 




1 


35-3 


27-9 


30-4 


33-0 


35-5 


38-0 


40-6^ 


43-1 


45-6 




li 


31-7 


34-9 


3ei-o 


41-2 


44-4 


47-5 


50-7 


53-9 


57-0 




1^ 


38*0 


41-8 


45-6 


59-4 


53-2 


57-0 


60-8 


64-6 


68-4 




11 


44-4 


48-8 


53-9 


57-7 


62-1 


66-5 


71-0 


75-4 


79^ 




2 


60-7 


55-8 


60*6 


65-9 


70-9 


76H) 


81-1 


66-3 


91-9 




24 


67-0 


62-7 


68-4 


74-9 


79-9 


85-5 


91-3 


97-0 


1Q»7 




2i 


63<3 


69-7 


76-0 


83-4 


88-7 


95-0 


ioi-4 


107-7 


114K) 




21 


69-7 


76-7 


83-7 


90-6 


97-6 


104-5 


111-5 


118-5 


125*5 




3 


76-0 


83-6 


91-2 


98-9 


106-5 


114-1 


121*7 


139-3 


136-9 




Si 


82*4 


90-6 


98-9 


107-1 


115*3 


123-6 


131-6 


140-0 


148-3 




3il 


88-7 


97-6 


106*5 


115-4 


124-2 


133-1 


143-0 


150-8 


159^ 




31 


95-1 


104-6 


1141 


133-6 


133-1 


1^-6 


153-1 


161*6 


171-1 




4 

44 
4^ 


I01<4 


111-5 


191-7 


131-8 


141-9 


158-1 


162*3 


172-4 


189-5 




107'7 


118-5 


199-3 


140-1 


150-8 


161-6 


172-4 


183*3 


193*9 




114'1 


195-5 


136-9 


148-3 


159-7 


171-1 


188-5 


193-9 


205^3 




41 


190-4 


138-4 


144-5 


156*5 


168-6 


180-6 


193-6 


304-7 


216-7 




5 


196-7 


139-4 


158-1 


164-8 


177-4 


190-1 


302-8 


315-4 


298-1 




5i 


133-1 


146-4 


159-7 


173*0 


186-3 


199-6 


313-9 


226-3 


239*5 




139-4 


153-3 


167-3 


161-9 


195-9 


909-9 


333-1 


937-0 


250*9 


• } 


51 


145-7 


160-3 


174-9 


189-5 


204-0 


918-6 


233-2 


347-8 


263-3 




6 


ISfi-l 


167-3 


183-5 


197-7 


912-9 


938-1 


943-3 


358-5 


373^ 




n 


50-7 


55-8 


60-6 


65-9 


70^> 


76-0 


61-1 


86-3 


91-9 




2 


67-6 


74-4 


81-1 


87-9 


94-6 


101-4 


106-1 


114-9 


121*7 




3 


101-4 


111-5 


191-7 


131-7 


141-9 


usd-i 


163*3 


179-4 


188-5 




4 


135-9 


148-7 


1034 


175-7 


160-3 


909« 


916-7 


939« 


943-3 
30*^ 


A 


5 


160-0 


185-9 


909*8 


919-7 


936^ 


953-5 


970-4 


987-3 


11 


6 


909-8 


9931 


943-3 


963*6 


963-9 


304*9 


384^ 


344-7 


ar 



MO 



PRACTICAL TABLES. 



The tables are alt calculated to the nearest tenth o? 
a pound. To the weights of bars of Wrought Ir(m, ad^ 
^l^th part for bars of Soft Steel ; and froiD the Btadd 
weights subtract ^f^th part for bars of Cast Iron. 



Proportwnal Breadths for hexagatuU or six-nded MtU 
for fVrought-lron Bolts. 

Di<i. of bolts. Breadth or nuts. Dia. of bolts. Breadth of note 

inch. 



f 


^ inch. 


H 


m 


i 


I " 


H 


2A 


i 


n " 


i» 


2| 


f 


»A" 


1* 


2A 


i 


li « 


1* 


n 


1 


If " 


If 


3 



Nate, — The thickness of the nut ia equal the bolt's diitti 



■w .f 



WBIGHTS OF IBOM, COFPSB, KTC. 
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Tbickne«8 in |«rt8 of an iucb. 


' «H-*»Sr«»'^a»»*-3^«<«3°"^s;h«^^S- 


• 


en Oi Oi Cfi CM ^ ^ 


Thickness by the wire gauge. 


^5!t»(5t2e<0QO«io»ci«i».eo»Ni 


f, 




r 


|S;||SS3S3S§S|H 


•^ 




» 


Thickness by the wire gauge. 


'«£«i3 ttK9l8iSS£8S!aS 


f 


*44d**"IS*i-il* 




ii^^iSiS^ISsS^i^S 


1 


ft4^;S4iSg§g|§|2§ 


tt 



s 

» 

3 2 
o "^ 

-? ► 

o c; 

IB tn 

2 * 

*« ^^ 

5S ► 

O P 

O "^ 

SB O 

CO H 

CO 

*• O 
IB 

»« r 
o >: 

G ►^ 
2 P3 

CO O 
• » 

n 
n 



Able.— -I9o. 1 wire gauge equal -j^thi of an inch. 



" 4 

•• 11 

" 16 



i 




A 




i 




A 




nt 





mie flieat variety of thickneasea into which copper 
bB BiUM&ctoiedy cause in trade the weight to be 
whereby to determine the thickness xeqoireri^th* 



132 



COlffPAlUTlVB WEIGHTS OP BOBIES. 



u u u u 

tt it U 4t 
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tl 
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\mng that of a common sheet, so designated, viz., 4 feet 
by 2 ffiet, in lbs., tfans : — 

A 70 lb. plate is -^tfas of an inch in thickness. J/? 7 

" 46i " " *' I 
tt 23 « « « .^1^ 

" Hi " " " ^ 
tt 6 « " "^^ 

The thickness of lead is also in common determined 
or understood by the weight; the unit being that~of a; 
square or superficial foot ; thus : — 

4 lbs. lead is -j^^th of an inch in thickness. 
6 « u tt^^ 

n « « " i 

12 tt it tt Si tt tt n u 
15 " ** *< X 



4t U tt tt 
tt tt tt U 



tt tt tt tt 



tt 

u 
u 
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comparative: weights of different bodies. 



Bar iron being I, 


Cast iron being ], 


Cast iron = -95 


Bar iron =107 


Steel cr 1-02 


Steel = 108 


Copper =1*16 


Brass =1*16 


Brass = 109 


Copper = 1*21 
l,ead = 1-66 


Lead = 1-48 



1. Suppose I have an article of plate iron, the weight 
of which is 728 lbs., but want the same of coppw, and 
of similar dimensions, what will be its weight ? 

723x1-16 = 844-48 lbs. 

3. A model of dry pine, weighing 2^ Ibs^ and in 

which the iron for its construction forms no material 

portion of the weight, what may I anticipate its weight 

to be in cast iron ? 

32-5x16 = 520 lbs. 

Nott. — It freauently occurs, in the formation or conatnie* 
tion of models, -that neither the quality nor condition of tiie 
timber can be properly estimated ; and, in such cases, it may 
be a neti- enoogh approximation to reckon 15 lbs. of easilfOii 
to each Jb. of modell 



COPPER PIPKS, ETC. 



IW 



1^ A8CBBTAIN THE WEIGHTS OF PIPES OF 
TARIOUS METALS, AND ANT DIAMETER 

REf^UIREP. 



Thickness 

in parts of 

aaineli. 


Wrought 
iron. 


Copper. 


Lead. 


sV 


*326 


11^ lbs. plate, -38 


2 lb6.1ead, -483 


A 


•653 


23i " " -76 


4 " " -967 


■■ ^ 


•976 


35 " " 114 


5} « " 1-46 


i 


1-3 


46} " « 1-52 


8 « " 1-933 


1^ 


1-627 


68 " ♦' 1-9 


9i " " 2-417 


A 


1-95 


70 '« " 2-28 


11 « " 2-9 


T& 


2-277 


80} *' " sJ-66 


13 " " 3-383 


i 


2-6 


93 " " 3-04 


15 ** ** 3-867 



Ruk. — To the interior diameter of the pipe, in 
inches, add the thickness of the metal; multiply the 
811111 by the decimal nmnfoers opposite the required 
thickness, and under the metal^s name; also, by the 
length of the ppe in feet; and the product is the 
weight of the pipe in lb& 

1. Required Uie weight of a copper pipe whose in- 
terior diameter is 7i inches, its length 64 feet, and the 
metal | of an inch in thickness. 

7-5 + -126 =; 7-626 X 1-62 X 6-25 = 72-4 lbs. 

8; What is the weight of a leaden pipe 18} feet in 
len^rth, 3 inches interior diameter, and the metal i of 
•n inch in thickness ? 



S + -25 = 3^25 X 8^8CT X 16-5 = 232-5 lbs. 



iVbfe.— Weight of a cubic inch of 

Lead 

Copper, sheet 
Brass, do. 
Iron, do. 
^ Iron, cast 

Tin, do. 

^ Zinc, do. 

Watir 



equal 



u 
It 
u 
u 
u 
u 



•4103 lb. 

•9226 ^ 

•3087 « 

•279 " 

•263 " 

•2636 « 

•26 '* 

•08617 * 



TEI«BT or CAST IRON BAU«> 



37-80 
4S-3fi 
47-tl 

SS4T 



157-71 



vnrj 

171* 



8*-fi6 
9I-S1 
100-39 
108-98 
II8« 

in-63 



1. What will be the weijrht of a. boltow b«ll pr eh^l 
<^ cut iron, the extenui Biaaietcr beiag 9^, and in- 
tenial diimeter 6| inches ? 

Opponts 9X sn 118-%, and 
Cfj^He el Hc ffi^, ■oblTHt 

— IS SS nis., weigbt Tcqoirad; 

2. Reqairiag to remove a cost iron ball 37-8 Iba,' ut 



«ight, uid in dituneter 6i inchee, and replace it by 
one of lead of an eqaal weight, what noat b« tlw 
ffiameter of the leaden ball ? - 

Weight of lead lo that of cut iron =I'GG {•«« Table, pige 131^) 
Tbea — iK*VI1GKMiacbaf,llwdiaaiei«r. 




TIMSSS XKU»7B£. 






TABLES BT WHICH TO J^UATATti THE MEN- 
SUKATION OF TIMBER. 

1. IM or Board Mtoiurt. 



Braadth 
in indiea. 



Axeaofa 
liiiMl foot. 



•0308 

•0417 

•0625 

•0834 

•1042 

•125 

•1459 

•1667 

•1876 

«2084 

•2292 

•S5 

*2ioe 

•2916 
•3125 



Biettdth 
in inche*. 



^Imiora 
lineal foot. 



•3S34 

•3542 

•376 

•3968 

•4167 

•4375 

•4583 

•4792 

-5 

•5206 

•5416 

•5625 

•5833 

•6042 

•625 

•6458 



BrMdth 
in indiea. 



Are* of a 
lineal ibet. 



•6667 

•6875 

•7084 

•7292 

•75 

•7708 

•7917 

•8125 

•8334 

•8542 

•875 

•8969 

•9167 

•9375 

•9583 

•9792 



AppLwxtion and Ufe of the TWe. 

h R/^qoned the nun^r of square feet in a board or 
plaok 161 feet in lengthy and 9| inches in breadtb. 

f Oppoftite 9| ii BlStB x 16-5 ss 13-4 sqaife feet 

/ 2. A board 1 foot 2| inches in breadth, and 21 feet 
in l«Bgtfa ; what is its superficial content in square feet ? 

Oppomte ^ is •2292, to which add the I foot. 
Then 1-2292 x^l » 25^8 iquare feet. 

3. In a board 151 inches at one ^nd, 9 inches at the 
other, and 141 feet in length, how many square feet ? 



15-5 + 9 



sr ni, or 10206; and 10208 x 14-5 » 14-8 aq. ft 






L Cubic or SaUd Meiaure. 




CAST XBTAt CYLINDERS. 



137 



In the cubic estimation of timber, custom has estab- 
lished the rule of i the mean girth being the side of 
the square considered as the cross sectional dimensions ; 
hence, multiply the number of cubic feet per lineal 
fbot, as in the Table of Cubic Measure, opposite the 
i girth, and the product ia the solidity of the given 
dimensions in cubic feet 

Suppose the mean i girth of a tree 311 inches, and 
its length 16 feet, what are its contents in cubic feet ? 



<r 



Vi = 



3-136 X 16 = 60-176 cabic feet 



OAST METAL CYLINDERS. 



/*- 



The cylinders are solid, each 1 foot in length. 



DIam. 


Irao. 


Copper. 


BraM. 


Lead. 


InelMb 


liM. 


lbs. 


lbs. 


Ibe. 


1 


3*5 


30 


30 


30 


3 


9^ 


130 


11-4 


15-5 


3 


33-1 


370 


35-8 


34-8 


4 


99*3 


47-9 


45-8 


61-9 .. 


5 


614 


74-9 


71-6 


96-7'' 


6 


884 


1078 


103O 


139-3 


7 


130^ 


146-8 


140-3 


189-6 


8 


1571 


191-7 


183-3 


347-7 


9 


196-8 


343-7 


331-8 


313-4 


10 


345-4 


399-5 


386-3 


3870 
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CAST IRON PIPES. 



This table shows the weiffht of pipes JJfogL Ijnig^ of 
bores fixxn 1 kich to 13 indies in diameter, advancii^ 
bf i of an iaeh.; and of thickaeases from | ef an 
iach to H inches^ advancing by \ oijot h 



rf • 
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CAsi IRON IPIPfiS. 



^S'v 


fj JZ-V >?' 1 










'/5^ 


u^ 




bore. 


i 


i 


h 


I 


1 


V 

1 


1 


n 


U 


in. 


ilM. 


lb*. 


Um. 


lb*. 


lbs. 


Ua. 


lU. 


lb«. 


Ibt. 


1 


3-1 


5*1 


7-4 


10*0 


124 


16-1 


194 


9J-5 


274 


11 


3-7 


6-0 


8-6 


11*5 


14*7 


18-3 


22-1 


264 


30-7 


1 


4*3 


6*9 


9*8 


13*0 


16*6 


90*4 


24-5 


29-0 


33-7 


1 


4*9 


7*8 


11*1 


14*6 


18*4 


92*6 


27-0 


3 J -8 


:i6-8 


9 


5-5 


8*8 


12*3 


Ifi'l 


20*3 


24-7 


29-5 


34-5 39-9 I 


9i 


8*1 


9*7 


13*5 


17*6 


29-1 


96*8 


3]4 


37-3 


43-0 


S 


6-7 


10-6 


14*7 


194 


234 


984 


34-4 


40*0 


464 


9 


7-4 


11*5 


16*0 


20*7 


25*7 


31-1 


38-8 


42-8 


49-1 


3 


8*0 


19*4 


17-9 


924 


27*8 


33*3 


39*3 


45-6 


524 


31 


8*6 


19*3 


18*4 


93*8 


29*5 


35-4 


41-7 


48-3 


554 


3 


9*9 


14*9 


19-6 


95-3 


31*3 


37-6 


444 


51-1 


58-3 


3 


9-8 


15*9 


90*9 


26*9 


33-1 


39-7 


46-6 


53-8 


61-4 


4 


10*4 


16*1 


92*1 


28*4 


3fr0 


414 


49-1 


53-6 


64-4 


41 


IM 


17*1 


23-4 


33-0 


364 


44-1 


51-6 


59-4 


67-6 


41 


11*7 


18*0 


94*5 


31-4 


38-7 


464 


54-0 


68-1 


704 


4} 


19*3 


18*9 


25*8 


330 


40*5 


48*3 


50-5 


644 


734 


5 


12*9 


19-8 


27*0 


34-5 


42-3 


50-5 


584 


67-6 


76*7 


5J 


13*5 


90-7 


98*2 


36-1 


444 


52*6 


61*4 


70-4 


79-8 


d| 


14-1 


91*6 


29-5 


37*6 


46-0 


54-8 


63-8 


734 


82-8 


6} 


14*7 


93-6 


30-7 


39-1 


474 


564 


66-3 


76-0 


85-9 


6 


15-3 


23*5 


31-9 


40-7 


49-7 


59*1 


C8-7 


78-7 


88-8 


<^i 


16-0 


94*4 


33-1 


424 


51-5 


614 


714 


814 


92-0 


6 


16-6 


9S-3 


34*4 


43*7 


53-4 


63-4 


rJ-4 


844 


951 


6} 


17-9 


96^2 


35^ 


45*3 


654 


65-3 


76-1 


874 


984 


7 


17-8 


27-2 


36-8 


46*8 


56-8 


67-7 


78-5 


89-7 


1014 


7i 


18*4 


98-1 


38*1 


48*1 


584 


69*8 


814 


92*5 


1044- 


7 


19*0 


99K) 


39*1 


49*9 


60'7 


794 


83-5 


95-3 


107*4 


71 


19*6 


99*7 


40*5 


51*4 


69*6 


741 


854 


984 


110-5 


^ 8 


90*0 


30*8 


41-7 


594 


64-4 


764 


88-4 


1004 


113-5 


8) 


90*9 


31*7 


43*0 


54-5 


66*3 


78-4 


90-8 


103-5 


1164 


8 


91*7 


39-9 


44-4 


564 


68*3 


80-8 


93-5 


106-5 


119*9 


8 


92-1 


33-6 


45-4 


57*5 


70-0 


82*7 


95-7 


109*1 


129-7 


t 


99*7 


34*5 


46*6 


59*1 


71*8 


84-8 


984 


1114 


1954^ 


9| 


93*3 


35*4 


47-9 


60*6 


73-6 


874 


1004 


114*6 


19»« 


9 


93*9 


36-4 


49-1 


62-1 


75-5 


89-1 


103*1 


117^ 


1314 


9| 


94-6 


37*3 


50*3 


63-7 


77-3 


91-3 


105-5 


120*1 


1354 


10 


95^ 


38*9 


51-5 


654 


794 


93*4 


1084 


1994 


138-1 


101 


95-8 


39*1 


62-8 


66*7 


81*0 


95*6 


110-4 


1954 


141*1 


la 


96*4 


40H) 


54*0 


68*3 


82-8 


97-7 


1194 


198-4 


1444 


1(4 


97*0 


41*0 


554 


69-8 


84-7 


994 


115^ 


131-3 


147-3 


11 


97*6 


41*9 


56*5 


71*3 


88*5 


1094 


1174 


1394 


UM 


^H 


984 


49^ 


57*7 


724 


88*4 


1044 


190-8 


130*7 


18»4 


ii| 


98*8 


43*7 


58*9 


74-4 


904 


106-3 


199*7 


139-4 


158-4 


nf 


SI9^ 


44*6 


60*1 


754 


994 


108^ 


ldS4 


1494 


1M4 


la 


30-1 


49*6 


61*4 n*5 


994 


U04 


1974 


1454 


lOM 
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TABLE FOR COMPOSITIONS OF BRASS, &C* 

3 parts cornier, tia, 1 zinc, for yellow brass. 
2 " *^ " 1 « for Spelter. 

4 " " 1 " i '* • for lathe bushes. 
4 " " 1 " 3 « still harder. 

6 " " 1 « " for bearings of shafts. 

6 " " 1 " J " ft>'' harder bearings. 

7 " •' 1 '< " fit for pulley blocks. 

8 " " 1 « " fit for wheels. 

9 " « 1 « " gun metal. 



! f The effect of different degrees of heat on different 
bodies, according to Fahrenheit's scale, are shown 
below: — 

Degrees. 

Cast iron thoroughly melted, 20577 

Cast iron begins to melt, 17977 

(ireatest heat of a common smith's forge, . . . 17327 ^ 

Flint glass furnace, strongest heat, 15897 

Welding heat of iron, greatest, 13427 

Swedish copper melts, 4587 

Brass melts, 3807 

Iron red-hot in the twilight, 884 

Heat of a common fire, 790 

Iron bright red in the dark, 752 

Zinc melts, 700 

I Mercury boils, 672 

Lead melts, 594 

The surface of polished steel becomes uniformly a 

deep blue, 680 

The surface of polished steel becomes a pale straw 

color, 460 

A mixture of 3 tin and 2 lead melts, 338 



CENTRE, 



In a g^ieral sense, denotes a point equally remote 
fJKxn the extremes of a line, surface, or solid. 



CENTRE OF. ATTRACTIOK si 

Of a body, is that point into which, if all its mattei' 
is collected, its action apon any remote paitiele would 
stiU be the same. 

CENTRE OF EQUILIBRIUM ) 

Is the same, in respect to bodies immened in a flaid,| 
as the centre of gravity is to bodies in free space. 

CENTRE OF FRICTION 

Is that point in the base of a body on which it re-' 
Tolves, into which, if the whole surface of the base 
and the mass of the body were collected, and made to 
revolve about the centre of the base of the given body, 
the angular velocity destroyed by its friction would be^ 
equal to the angular velocity destroyed in the givenl 
body by its friction in the same time. 

CENTRE OF 6RA.TITT 

f 

Of any body, or system of bodies, is that point upon\ 
which the body, or system of bodies, acted upon onlv . 
by the force of ffravity, will balance itself in all pom-, 
tions ; hence it rollows, that, if a line or plane, passing! 
through the centre of gravity, be supported, the bodjr 
or system will be also supported. ^ ^ 

CENTRE OF GYRATION :i 

Is that point into which, if the whole mass w^re^ 
collected, a given force, applied at a given distance^ ' 
would produce the same angular velocity in the same 
time as if the bodies were duiposed at their respective 
distances. . , 

This point differs from the Cefitfe of OacUlaHtm otAj 
in this, that, in the latter case, the motion is prodcieiBdF 



consMMi* Ul 

by tbe ipnmty of the body ; but, in the former, the body 
w put m motion by 9ome other f<»€e, acting at one 
place only. 

:i COHESION 

Is that species of attraction which, uniting particle 
to particle, retains together the component parts of the 
same mass ; being thus distin^aished from adheswoy or 
that species of attraction which takes place between 
the surfaces of similar or dissimilar bodies. The 
i^MK>late cohesion of solids is measured by the force 
necessary to pull them asunder. Thus, if a rod of iron 
be suspended in a vertical position, having weight 
attached to its lower extremity till the rod breaks, the 
whole weight attached to the rod, at the time of frac- 
ture, will be the measure of its cohesive force, or abso- 
late cohesion. 

. The particles of solid bodies, in their natural state, 
are arranged in such a manner, that they are in equi- 
librium in respect to the forces which operate on them ; 
therefore, when any new force is applied, it is evident 
that the equilibrium will be destroyed, and that the 
particles will move among themselves till it be restored. 
When the new force is applied to pull the body asunder, 
the body becomes longer in the direction of the force, 
which IS called the txknsion; and its area, at right 
angles to the direction of the force, contracts. When 
the force is applied to compress the body, it becomes 
shorter in the direction of the force, which is called the 
eompmaiion ; and the area of its section, at right angles 
to the force, expands. In either case, a part of the 
heat, or anv fluM that occupies the pores or interstices 
of the hoij, before the new force was made to act 

upoin it, wiu be expelled. 
« 

CASE-HARDENING. 

^.The hardness and polish of steel may be united, in 
•f certain degree, with the firmness and cheapness of 



mfilieftlile inm, bj what is called cflae* han lmi 'mg ; 'an 
operation much practised, and of considerable use; } 

It is a superficial conversion of iron into steel, and 
only differs from cementation in being carried on for i^ 
shorter time. Some artists pretend to great secrets ili 
the practice of this art, using saltpetre, sal-ammoniac^ 
and other fanciful ingredients, to which they attribute 
tiieir success. But it is now an established fact, that 
the greatest efiect may be produced by a perfectly 
tight box, and animal carbon alone. 

The goods intended to be case-hardened, being pre-: 
viously finished, with the exception of polishing, are^ 
stratified with iBinimal carbon, and the box contidning^ 
them luted with equal parts of sand and clay. They 
are then placed in the fire, and kept at a light red heat 
for half an hour, when the contents of the box are 
emptied into water. Delicate articles, like files, may 
be preserved by a saturated solution of ccHnmon salt, 
with any vegetable mucilage, to give it a pulpy con- 
sistence. The carbon here spoken of is nothing morer 
than any animal matter, such as horns, hoofs, skins, or 
leather, just sufficiently burned to admit of being re- 
duced to powder. The box is commonly made of ifoOf. 
but the use of it, for occasional case-hardening upon &- 
small scale, may easily be dispensed with, as it will 
answer the same end to envelop the articles with the. 
composition above directed to be used as a lute, drying* 
it gradually before it is exposed to a red heat, other^*; 
wise it will probably crack. It is easy to infer, that 
the depth of the steel, induced by case-hardening, will^ 
vary with the time the operation is continued. It may. 
be varied from one hour to four, according to the depth' 
of steel required. In one hour, it will scarcely be the 
thickness of a fourpence, and therefore may be Te- 
moved by violent abrasion, though sufficient to answer 
well for fire-irons, and a multitude of other ute»yia^ ih 
the common usage of which its hardness prevents its 
being easily scratched, and its polish preserved by 
fiction with so soft a, material as le&itber. 



ST£A]ff*EMOXN£S. I4S 

To Mmatty by mtan$ of an indicator^ the ammmi tf 
^edwe power produced by a steamtngint, 

Bute. — Multiply the area of the piston in square 
inches by the average force of the steam in lbs., and by 
the velocity of the piston in feet per minute ; divide thie 
product by 33,000, and ^^ths of the quotient equal the 
effective power. 

Ex, Suppose an engine with a cylinder of 37i inches 
diameter, a stroke of 7 feet, and making 17 revolutions 
per minute, or 238 feet velocity, and the average indi- 
eated pressure of the steam 16*73 lbs. per square inch $ 
lequired the effective power. 

Area = 1104-4687 inches x 16-7S lbs., x 238 feet, 

33000 

133-26 X 7--^,, , 

= 93-z8z horses' power. 

10 

To deUrmine the proper velocity for (he piston of a 
Meam-tngine. 

Rule. — Multiply the logarithm of the nth part of the 
ittoke at which the steam is cut pff by 2*3, and to the 
^rodoct of which add 7. Multiply the sum by the dis- 
tance in feet the piston has travelled when the steam is 
out oQ and 120 times the square root of the product 
e^iud the proper velocity for the piston in feet per 
nuniile. 

• Ex. Let the steam be cut off in an 8-feet stroke 
when the piston has travelled Jth of the length ; re- 
oaired its proper velocity. 

Logarithm of 4:5060206 
Multiplied by 2;3 

1-384738 
. To wWch add -7 

2-084738 

t 



V 4-169476 =S-04x 120 sS45 ftot, valoeity 
par minnta. 



144 



8|£A]f-£?(GINB8. 



TdbUofApprwdnuOt FeUdHesforikeFishnso/Slem^ 

Engines, 



CondeiMing Engines. 



of stroke 
in feet. 



Length Velocity in Number of 



S 



6 

7 
8 



feet per 
minute. 



revolutions 
per min. 



160 

177A 

19S 

SOS 

214 



S90 

236|| 
240 
245 
256 



40 
35A 

32 

2y 

261 

24J 

23 

21A 

20 

174 

16 



Non-condensing EngiB< 



Length 

of stroke 

in feet. 



2 



3 



Velocity in 
fe^per 
minate. 



186 
200 




222 
231 
236 
243 
247i| 
253 
I 264 



Number of 

revolulloMi 

per min. 



Of the ParaUd Mafion in a SUam-Enginem 

When the power from the piston is communicatod 
by means of a beam or lever moving upon an axis, Hie 
parallel motion becomes a very important portion €»f the 
machine ; for then it forms the link of connection, and 
by ks properties renders the action of alternate ciicnkir 
motion, and reciprocating vertical motion, mutoalhr 
agreeable, thereby properly insuring to the pistxm lod 
a truly direct line to that of the cylinder ; but to effect 
this, the greatest degree of exactitude of the vanoqi 
parts is required, otherwise extra iriction is created, and 
the e^ctive power of the engine proportionately dimiii- 
ished* 



PARALLEL MOTIONS. 
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^^(Me by which to determine the various Duianees of Ae 
MovabU Points in a Parallel Motion^ 



u 



a 
J. 



i 



i 



i 



I 



h 



9 

3 



9 

9J 
91 

91 

3 

3] 



isi 





1 



P 

51 



6 

? 

HI 





J 



42 



I 

00 



I 



3 
I' 

4 



3 

3J 

? 

4i 
4 
4 
5 



2i 

I 

5J 



2"3 



■3 



c_t 



I-- 
ll 



4 li 
3 3 
2 6| 

5 
1 6i 
1 9, 
10{ 



4 
4 
6 

f 

9 

4{ 
0, 

91 



? 



3 0| 
9 6 





7 
3 



114 



4 9: 

4 

3 3 

9 8i 

9 9 

1 9 

1 5 









i 

00 



• 
«2 



I 



3? 



•I 



I 

'5<S 



81 

III 



3 



!.gj 



1 




3 

9 
9 



9 8J 

9 9| 

1 10 

1 6 




5j 
5] 
5| 
6 

1 



5 9i 

5 

4 3J 

3 81 

3 1} 

9 8 

9 3 

1 lOi 



<2 






3 



L 

si 



p 

6J 



5» 

f 

6 
71 



2L 



£ •* ^ 

51 



6 Oi 
5 3 

4 6\ 

3 11 
3 3.1 

2 103 

9 5a 

9 I 



3i 
6 
91^ 
9" 

n 



6 6.^ 
5 9 
5 0& 
4 5 
3 10| 
3 4 
9 log 
9 6 



6 8| 
6 

*n 

4 1 

3 6| 

3 l] 

9 81 

9 4 
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J^ LOaARITHXa. 



LOGARITHMS. 

•\ 

LooAniTHMs literally signify ratios of numbers ; hjence 
Logarithmic Tables may be varions, but those in com- 
mon use for the facilitating of arithmetical operations 
gfenerally are of the following corre^ndi&g pK>gi«8« 
sions, viz.: — 

Arithmetical, 0, 1, , 2, 3, &c., or series of loganthifii. 
Geometrical, 1, 10, 100, lOOO, &c., or ratio of nuiQbere. 

And thus it may be perceived, thq^t if the log. of 10 b« 
1, the log. of any number less than 10 must eonsist 
wholly of decimals, because increajsing by a deciioal 
ratia Again; if the log. oi 100 be 2, the log. of aav 
intermediate number between 10 and 100 mqst be %^ 
with so many decimals annexed ; and in like maimer, 
the log. of any intermediate number betF^on 100 and 
1000, must be 2, with decimals annexed proportion^|y, 
" before. ' * 



APPb^CATIpN AKD UTILITY OF OpUHOfi JUQeA- 

RITjIIMIC TABLES. 

The whole numbers of the series Qf lpgajritlu;i]0y aa 
1, % 3, &«., are oall^ the indices, or ciwaeteriatka 
of the logarithpi, and which must be added to the 
(oganthm obtained by the Tabie, in proportion to the 
pumber of figures contained in t|ie given sumi Thu& 
frupppse the logajithm be required for a sum of only two 
ligures,^the index is 1 ; if of three figures, the index iaSH 
iand if of four figures, the index is 3, &c. ; being alwMI 
a number less by unity than the nunmer of figures mt 
given sum contains. 



JE2b. The index of 8 m 0, becauee il It less than IQ, 
Tlie index of 80 is 1, becaueie it m less than ICKl 
The index of 800 is 2» because it is less tjuui lOQOl 
The index of 8000 is 3, because it is less than 

10,000, &c. 
The index of a decimal is always the number whieh 

denotes the significant fif^ure from the decimal pcnnt, 

atid is marked with the sign, thus, — , to distingmsh^ it 

from a whole number. 

Ex. The index of •32549 is — 1, becaqse the first sig- 
nificant fiffure is the first decimal. 

The index of *032;549 is — 2, because the first signi- 
ficant &pire is the second decimal 

The index of •0032549 is — 3, because the Qrst sig- 
nificant figure is the tliird decimal, ^c,, of any other 
sum. 

If the given sum for which the logarithm is required 
contains or consists of both integers and decimals, the 
index is determined by the integer part, without havhi^. 
any regard to the other. 

1, To find the logourUhm of any whole number under 
100. ^ 

Look for the number under N in the first page of 
any Logarithmic Table ; then immediately on the rig^t 
of it is the h>garithm required, with ts proper index. 
Thus the log. of 64 is 1*606180, and the log. of 72 is 
1-857332. 

. 3. To find the logarUhm of any nwnhtr hfiween 100 
flMttf 1600, er wny ram noi exceeding 4 figures. 



e r 



Fmd the first three figures in the left-hand column 
of the page under N, in which the number, is situa,^4f 
aad the fbuitii figure, at the top or bottom of iji» 
aage; then the logarithm directly under the fouidi 
Sfttse^ and in a line with the three figures in the eolumyi^ 
on the left, with its proper index, is the logarithm re- 
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qmred. Thos, the log. of 450 ia 3<6S33ia, and tiie fog. 
of 7464 18 3*872972. Or, the log. of 378-5 is 2*576066; 
and that of -7854 is — 1-895091. 

dL T^Jmd tkt nmnbir indioakd by a gi^ 

Look for the decimal part of the given logarithm in 
the different columns, and if it cannot be found exactly, 
take the next less. Then under N in the lefl-hand 
column, and in a line with the logarithm found, are 
three figures of the number required, and on the top of 
the column in which the found logarithm stands is one 
figure more; place the decimal point as indicated by 
the logarithmic index, which determines the sum, prop- 
erly valued, as required. 

If the logarithm cannot be found exactly in the 
Tables, subtract from it the next less that can be found, 
and divide the remainder by the tabular difference ; the 
quotient will be the rest of the figures of the gMv 
number, which, being annexed to the tabular number 
already found, is the proper number required. 

He Required the number answering to the loga- 
rithm 3-233568. 

Given logarithm . \ . .=3*233568 
Next less is the log. of 1712 = 3-233504 

Remainder 64 

64 
Tab. Diff. = 263, and — = -26 

253 
Hence the number required slTlS-SS. 

For practical purposes in mechanics, logarithms are 
seldom resorted to, unless for the raising of the powers 
of numbers or extraction of their roots. These <^[>era- 
tions, when tables are at hand, they very much faeiU- 
tate ; involution, or the raising of powers, being per* 
fbrmed simply by multiplication, and evolution, or the 
extraction of roots, by division, as in simple 
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Ex, 1. Required the aqnare or second power of 
95791. 

Loff. of 25-791 =s 1-411468 

Multiplied by 2 the power required. 

Logarithm £-822936 indicated munber or aqaire TO* 
quired = 665-175. 

JBr.2. What 10 the cube of 30-7146? 

Logaritiim = 1-487345 

Multiplied by 3 the power required. 

Logarithm 4-462035 indicated number or cube requirad 
= 28976-7: 

Ex.S. Required the square root of 965. 

2-562293 
Log. = = 1-281146 indicated number or root as 19-105. 

2 

Ez.4. Find the cube root of 12345. 

4K)914dl 
tog, -= Zl^l!zl s 1363830 indicated number or root s 28-1116. 
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TahU <^ LogarWwuJnm 1 fo 100. 



1 


J*f. 


N.. 


l^ 


N. 

51 


liOC* 


N. 


!-♦ 


OKMHXXX) 


36 


1*414973 


1*707570 


76 


1*880814 


9 


0-901030 


97 


1*431364 


59 


1*716008 


77 


1*886481 


3 


0*477131 


38 


1*447158 


53 


1*794976 


78 


1-809095 


4 


o-eosoeo 


99 


1*489396 


S4 


1*733394 


79 


1-807097 


6 


0-€9»7D 


30 


1*477191 


55 


1*740363 


80 


1-903090 


0-77861 


31 


1*491369 


56 


1*748188 


81 


1*906485 


7 


0-845096 


99 


1*505150 


57 


1*755875 


83 


1*913814 


8 


0*903090 


33 


1*518514 


58 


1763438 


83 


1*919078 


8 


o-osiao 


34 


1*531479 


50 


1*770689 


81 


1*99^79 


10 
11 


1*000000 


35 


1*544068 


60 


1*778151 


85 


1*99M]9 


1-041393 


36 


1*556303 


61 


1*785330 


86 


1-934496 


13 


1*079181 


37 


1*568309 


69 


1*793399 


87 


1*939519 


13 


1*113943 


38 


1*579784 


ea 


1*799341 


88 


1-944483 


14 


1*146138 


39 


1*591065 


64 


1*806180 


89 


1*949390 


15 
16 


1*176091 


40 


1*609060 


65 


1*819913 


90 


1*954943 


1*3041-20 


41 


1*619784 


66 


1*819544 


91 


1-950041 


17 


1*330449 


49 


1*693949 


67 


1*896075 


99 


1*963786 


18 


1355373 


43 


1*633468 


68 


1*639509 


90 


1-988483 


19 


1*378754 


44 


1*643453 


60 


1*638849 


94 


1*973196 


90 
SI 


1*301030 


45 


1*653913 


70 


1*845096 


95 


1-977794 


1*339319 


46 


1*669758 


71 


1-851956 


96 


1-969971 


VU 


1*343433 


47 


1*679098 


79 


1*857339 


07 


1-966779 


iti 


1*361738 


48 


1*681941 


73 


1*863398 


96 


1*001996 


34 


1*380311 


49 


1*693196 


74 




99 


1*995635 


35 


1*397940 


50 


1*696070 


75 


1*875061 


100 


9HMID000 



iVofe. — The best Tables of IxMnrithnw are tboae bgr Tajl«r, 
Gardiner, Hutton, Babbaae, and Uaille^ The tmalier woiioi 
are those by Lalande, HaMler, Renaod, ChrUtison, and Wal- 
lace, and thoae pobliahed in the " Library of (Jsefiil Knowledge." 
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TABLE 



WATER IN PIPESir 



This table shows the quantity and weight of water 
contained in one f athom^of length of pipes of different 
bores from 1 Tnch to iS^nches in diameter, advancinjgf 
by hdlf inch. The weight of a cubic foot of water ii 
taken at 1000 ounces avoirdupois, and the imperial 
gallon at 10 lbs. ^ n n /) n 



Diameter 


Qltantity in 


Ouantltjr in 


Wel^t in Ibe. 


inittfihea. 


cubic incbea. 


imperial gAUons. 


avoirdupois. 


i 


1414 


0051 


0-51 


1 


56-55 


0*205 


2-05 


n 


12723 


0-460 


4-60 


2 


22619 


0*818 


8-18 


2i 


353-43 


1278 


12 78 


3 


508-94 


1-841 


18-41 


H 


692-72 


2-506 


25-06 


4 


904-78 


3-272 


32-72 


H 


1145-11 


4-142 


41-42 


5 


1413-72 


5113 


51-13 


f 


1710-60 


6187 


61-87 


2035-75 


7-363 


73-63 


6i 


2389-18 


8-641 


86-41 


7 


2770-88 


10-022 


100-22 


n 


3180-86 


11-505 


115-05 


8 


361911 


13090 


130-90 


Sh 


4085-64 


14-777 


147-77 


9 


4580-44 


16-567 


165 67 


n 


5103-52 


18-459 


184-59 


le 


5654<87 


90-453 


204-53 


10) 


623449 


22-560 


225-50 


11 


6842-39 


24748 


247-48 


Hi 


7476-66 


I37-040 


270-49 


vt 


814801 


99-452 


294-52 
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IfiS CHANGES IN THE STSUCTUSE OF XBON. 



CHANGES INDUCED IN THE STRUCTURE Or 
IRON SUBSEQ,UENT TO MANUFACTURE. 

The important purposes to which iron is applied have 
always rendered it a subject of peculiar interest; and 
at no period has its importance been so general and 
extensive as at the present time, when its application is 
almost daily extending, and there is scarcely any thing 
connected with the arts to which, either directly or 
indirectly, it does not in some degree contribute. My 
object is to point out some peculiarities in the habitudes 
of iron, which appear to have almost wholly e8Ciq)ed 
the attention of scientific men, and which, although in 
some degree known to practical mechanics, have been 
generally considered by them as isolated facts, and net ' ' 
regarded as the restdts of a general law. The circum- 
stances, however, well deserve the attention of scientifie 
men, on account of the very important consequtncea to ^ 
which they lead. • * • = 

The two great distinctions, which exist in malleable 
wrought iron, are known by the names of red-^uni and 
cM-ahort qualities. The former of these compvisea 
the tough, fibrous iron, which generally possesses coit* 
siderable stren^ when cold ; ue latter snows a brighti 
crystallized fracture, and is very brittle when cold, out 
works ductile while hot These distinctions are per* 
fectly well known to all those who are conversant with 
the qualities of iron ; but it is not generally known thai ' 
there are several ways by which the tough, redHshoirt 
iron becomes rapidly converted into the crystallized;, 
and tliat, by this change, its strength is diminished to a 
very great extent The importance which attaches to 
tliis subject will not be denied. The principal canses 
which produce this change are percussion, heat, and 
magnetism ; and it is doubtful whether either of tiiese * 
meafifl^rili produce this effect; and there appear strong 
reasons for supposing that, generally, they aire all in 
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some degree concramed in the production of the ob- 
served results. The most common exemplification of 
the effect of heat, in crystallizing fibrous iron, is by 
breaking a wrou?ht-iron furnace-bar ; which, whatever 
quality it was of in the first instance, will, in a short 
time, invariably be converted into crystallized iron; 
and, by heating, and rapidly cooling by quenching with 
water a few times, any piece of wrought iron, the same 
efiect may be far more speedily produced. In these 
cases, we have at least two of the above causes in 
operation — heat and magnetism. In every instance 
of heating iron to a very high temperature, it under* 
goes a change in its electhc or magnetic condition; 
for, at very high temperatures, iron entirely loses its 
magnetic powers, which return, as it gradually cools to 
a lower temperature. In the case of quenching the 
lieated iron with water, we have a still more decisive 
assistance fi*om the electric and magnetic forces ; for 
Sir Humphrey Davy long since pointed out, that all 
.jcases <^ Vaporization pn^uced negative electricitv in 
the bodies in contact with the vapor; — a fact which 
has lately excited a good deal of attention, in conse- 
qaence of the discoveiy of large quantities of negative 
eioetricity in effluent steam. These results, however, 
afe practically of but little consequence ; but the effects 
of percussion are at once various, extensive, and of 
high importance. We shall trace these effects under 
several different circumstances. 

In the manufacture of some descriptions of ham- 
'loexed iron, the bar is first rolled into shape, and then 
olie^half the length of the bar is >l>eated in a furnace, 
and immediately taken to the tilt-hammer and ham- 
mered ; and the other end of the bar is then heated 
and hammered in the same manner. In order to avoid 
any unevenness in the bar, or any difference in its 
color where the two distinct operations have terminated, 
the workman frequently gives the bar a f&w blows 
with the hammer on that part which he first operated 
upon. That part of the bar haa^ however, by this tini0y 
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become coin(^rcitrvely cold ; and, if this cooliiig pvid^ 
cess has ptoceeded too fw when it receives this adcMhi 
ttonal hammering, that part of the bar immediately 
becomes crystallized, and so extremely brittle that U 
will break to pieces by merely throwing it on tho 
ground, though all the rest of the bar will exhibit the 
best and toughest quality iipaginable. This change^ 
therefore, has been produced by percussion as m& 
primary agent We here see the effects of percussion 
in a very instructive form. And it must be observed^ 
that it is not the excess of hammering which produces 
the effect, but the absence of a sufficient degree of 
heat at the time the hammering takes place ; and the 
evil may probably be all produced by five or six blows 
of the hammer, if the bar happens to be of a small 
size. In this case, we witness the combined ef^ts of 
percussion, heat, and magnetism. When the bar is 
hammered at the proper temperature, no such crystal* 
lization takes place, because the bar is insensible to 
magnetism ; but, as soon as the bar becomes of that 
lower degree of temperature at which it can be affected 
by magnetism, the effect of the blows it receives is to 
produce magnetic induction; and that magnetic in- 
duction, and consequent polarity of its particles, when 
assisted by further vibrations from additional percussion 
produces a crystallized texture. For it is perfectly 
well known that, in soft iron, magnetism can be almost 
instantaneoiisly produced by percussion ; and it is 
probable that, the higher the temperature of the bar at 
the time it receives the magnetism, the more likely 
will it be to allow of that rearrangement of its mole- 
cules which would constitute the crystallization of the 
iron. It is not difficult to produce the same effects by 
repeated blows from a hand-hammer on small bars oi 
iron; but it appears to depend upon something peculiar 
in the blow, which, to produce the effect, must occasioli 
a complete vibration among the particles in the neigh- 
borhood of the (Mirt which i^ struck. And it is re* 
di&iif&Mc that the effects of the bie^ in all 
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Beetn to be confined within certain limited distances 
of the spot which received the strokes. 

Dr. Wollaston first pointed out that the forms in 
which native iron is disposed to break, are those of 
tlie ire^ar octahedron and tetrahedron, or rhomboid, 
Consisting of these forms combined. The tough and 
fibrous character of wrought iron is entirely produced 
by art; and we see, in these changes that haye been 
described, an efibrt at returning to the natural and 
primal form; — the crystalline structuie, in fact, being 
the natural state of a large number of metals ; — and 
Sir Humphrey Davy has shown, that all those which 
are fusible by ordinary means assume the form of 
regular crystals by slow cooling. The general con- 
clusion, to which these remarks lead us, appears to 
leave no doubt that there is a constant tendency in 
wrought iron, under certain circumstances, to return to 
the ciystHUized state; but that this crystallization is 
not necessarily dependent upon time for its develop- 
tn^fit, but is determined solely by other circumstances, 
of which the principal is, undoubtedly, vibration. Heat, 
within certain limits, though greatly assisting the 
rapidity of the change, is certainly not essential to it ; 
but magnetism, induced either by percussion or other- 
wise, is an essential accompaniment of the phenomena 
attending the change. 
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STRENGTH OF JOURNAI^S OF SHAFTS. 

Mr. Buchanan's rule is — The cube root of the 
weight in cwts. is nearly equal to the diameter of the 
journal ; — it being prudent to make the journal a little 
more than less, and to make a due allowance for wear- 
ing. 

JEx, What is the diameter of a journal of a water- 
wheel shaft, 13 feet long, the weight of the wheel bemg- 
15 tons ? 

By Mr. B.'8 rule, 

^ 15 X 20 =6*7, or 7 inches diameter. 
By Mr. Tredgold's rule, 

3360 
Weight in the middle, X 13 = 873 ^Sn3=^9i inches 

500 

diameter. 



Weight equally distributed, 33600 X 13 = 436800 Vf36800 

= 7-65 inches. ^^ 



To resist Torsion or Twisting. 

It is obvious that the strength of revolving shafts* 
are directly as the cubes of their diameters ana revolu- 
tions; and inversely, as the resistance they have to 
overcome. 

Mr. Robertson Buchanan, in his essay on the Strength 
of Shafts, gives the following data, deduced from several 
experiments, viz. : That the fly-wheel shaft of a 50- 
horse-power engine, at 50 revolutions per minute, re- 
quires to be 7i inches diameter ; and therefore, the cube 
of this diameter, which is =421*875, serves as a multi- 

* Shafts, here, are understood as the Joonials of shafts, the bodies 
of ahafts being generally made square. 
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plier to all other shafbs in the same proportion; and, 
taking this as a standard, he gives the following mulU- 
phers, VIZ.: — 

For tile shaft of a steam-engine, water-wheel, or any shaft 
connected with a first power, 400 

For shafte in inside of mills, to drive smaller machinery, or 
connected with the shafts above, 200 

For the small shafla of a mill or machinery, 100 

From the foregoing, the following rule is derived, 
viz. : The namber of horses' power a shaft is equal to, 
is directly as the cube of the diameter and number of 
revolutions ; and inversely, as the above multipliers. 

Ex. 1. When the fly-wheel shaft of a 45-hor8e-power 
steam-engine makes 90 revolutions per minute, what is 
the diameter of the journal ? 

4K w Ann 1 _ 

^ = 200 V200 = 6xly inches diameter. 
90 

Ex, 2. The velocity of a shaft is 80 revolutions per 
minute, and its diameter is 3 inches ; what is its power ? 

— 5r4t hones' power. 

400 

. Ex. 3. What will be the diameter of the shaft in the 
first example, when used as a shaft of the second multi« 
plier?* 

= 4^, or ^ = 4Ar inches diameter. 

1-25 90 

The following is a table of the diameters of shafts, 
ueiag the first movers, or having 400 for their muM- 
pMenk 

* The diamelera of the second moven will be found by dividing the 
niunben in the Table by I'SiS, and the diameters of the third movers, 
by dividing the numbers by 1*56. 
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1 i 
4 


Revolatioos. " ' -- • : | 


10 


1 15 1 20 1 25 1 30 35 40 


45 [50 1 55 


Inches Diameter. { 


5.5 


4-8 


4-5 


4- 


3-7 


3-8 


3-5 


3-3 


32 


3-1 


5 
6 

7 
8 


5-9 
6-3 


51 
5-5 


4-7 


4-4 


41 
4-4 
4-6 


3-9 
41 
4-4 

46 


3-7 
4- 
4-2 
4*4 


36 
3-8 
4- 
49 


3-5 3-3 
3-7 3.^. 
3-9 37 
41 4- 


5- 

5-2 

5-6 


4-6 
4-9 


6-6 
6-9 


5-8 
6- 


51 


4*8 


9 
10 
12 
14 
16 
18 


72 


6-3 


5-7 


5-5 

5-6 

.5-8 


5- 
5-2 


4-8 
49 


4-5 
4-7 
5-2 


4.4 

4-6 
5- 

5-a 

5-4 
5-6 


4-2 

— . ' * 

4.4 

4-8 
5* 


'41 
4-2 
4-6 

•4*7 


7-4 
7-9 
8-3 
8-7 


6-6 


59 


69 
7-2 
76 


6-3 


5-6 
5-9 
61 


5*4 


6-7 
71 


6-2 
66 
7- 


5-€r 

5-8 


54 
56 


5-2 
5-4 


5- 
52 


9- 


7-9 


7-5 


6-6 


6-2 


$•8 


20 


9*3 


81 


7-7 


7-SI 


68 


6-4 

> 


5-9 


.^^ 


56 


54 


38 


io- 


8-5 


8- 


7-4 


7'V 


6-8 


6-3 


6- 


f 5a 


5f 


30 
35 


10-7 


9-3 


8-4 
8-9 


7-9 
8-4 


7-4 
7-9 


71 
7-4 


6-9 
71 


67 
6-9 


6;5 
6^ 


63 
6-5 


114 


9-8 


40 


11-7 


10-6 


9-3 


8-8 


8-3 


7:8 


7-4 


72 


6-9 


*-7 


45 


12- 


10-6 


9-7 


92 


8-7 


81 


7-6 


7-4 


7- 


69 


50 
55 


12-6 
13-4 


11- 
11-4 


10- 
10-4 


9-3 

9-8 


9- 
91 


8-5 
8-8 


8- 
8-4 


7-8 


7-4 


7-3 


8- ' 


7-5 


T4> 


60 


13-6 


12- 


10-8 


10- 


93 


9- 


8-6 


8-2 


7-7 


7^ 
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ii 

4 

5 
6 
7 
8 
9 

10 

12 

M 
16 
Id 
20 
96 
90 
35 
40 
45 

56 

s 


1 Reyolutioni. | 




60 1 65 70 


1 75 80 


185 90 95|l00|l05| 




Inches Diimieter. | 




3- 
33 


2-9 
32 


2-9 
31 
3-4 


2-8 

3- 

3-3 


2-7 
3- 
32 
3-4 


2-7 
29 
32 
33 
35 


2-6 

2-9 

3- 

33 

il 

35 

36 

3-8 

4- 

4-3 

4-4 

4-5 

4-8 

52 

5-4 


2-6 

2-8 

IT" 

3-2 

3-4 

3-5 

3-6 

3-8 

4- 

42 

4-3 

4-5 

4-7 

51 

5-3 


26 

2-8 
2-9 
31 
33 
34 
35 
3-7 


2^5 
27 

2-9 
31 
32 
33 
34 
36 




35 


35 




36 
39 
4- 
41 

44 
45 

4-8 


3-6 
3-8 
3-8 


3-5 
3-7 
3-7 


3-4 




3-6 
3-7 

3-8 
41 
4-3 

4-5 

1-7 

4-8 

52 


3-5 




3-6 
37 


36 
37 




4- 


3-9 




4-3 
4*4 


42 
44 


4- 
42 

4-4 


3-9 
41 

4-4 




3-9 
41 


3-8 
4- 




4-7 


4-6 




5- 
5 2 
5-5 


4-9 
51 


4-8 
5- 


4-6 


4-5 


4-2 
4-4 

4 6 
5- 

5 2 

6 6 


42 

4-4 

a. 

46 

4-9 
5-2 
55 




46 
51 
5-5 
5-6 
6-9 

eT 

65 
66 
68 


46 
4-9 
5-3 
55 

5-8 




54 


5-3 




5-9 


5-8 


5-7 
5-9 
6-2 


5-6 
5-7 
6- 

"62 
66 
6-7 
6-9 




6 3 


6-1 


1 

i 


6? 
6-7 

7-3 


6-4 


5-7 


5-6 


1 


6-5 
6-9 
7-2 

.7:? 


6*4 

7- 
72 


6- 
64 

65 

^•8 


59 
6-2 
6 3 
67 


^•8 
6- 


57 

5-9 


.56 

5-8 
6- 




62 
66 


61 


t 


64 


6^ 



M$0 STRENGTH OF WKBBLS. 

It is a well known fact, that a cast iron Tod will:^'Bifa. 
tain more torsional pressure than a malleable in^ f#d 
of the same dimensions ; that is, a malleable iron rod 
will be twisted by a less weight than what is required 
to wrench a cast iron rod of the same dimensionsu 

When the strength of malleable is less than that 
of cast iron to resist torsion, it is stronger than cost iron 
to resist lateral pressure, and that is in proportion as 9 
is to 14. 

From the foregoing, it is easy for the millwright to 
make his shafts of the iron best suited to overcome the 
resistance to which they will be subject, and the ;»o- 
portion of the diameters of their journals, according to 
the iron of which they are made. 

Ex, What will be the diameter of a malleable iron 
journal to sustain an equal weight with a cast iron jour- 
iiai of 7 inches diameter. 

7*= 343. 

A» 14:343 ::9:2S0J; now^fSO-B^SO^fiuchea^BSMter. 



STRENGTH OF WHEELS. 

The aims of wheels are as levers fixed at one end, 
md loaded at the other ; and, consequently, the ffl'eatest 
St ain is upon Hie end of the arm next the axle. For that 
feftson, idi arms of wheels should be strongest at that 
pact, and tapering toward the rim. 

The rule for the breadth and thickness of arms, ac- 
oording to their length and number in the wheel, is as 
follows : Multiply the power or weight acting at the end 
of the arm by the cube of its length; the product of 
which, divided by 2656 times the number of arms mul- 
tiplied by the deflection, will give the breadth, and 
cube of the depth. 

Er. Suppose the force acting at {he ciiCumference 
of a spur-wheel to be 1600 lbs., the radius of wheel 6 
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ftet^ and nomber of anns 8, and let the deflection not 
exeeed i\ftii of an inch. 

1600x63 
3= 163 = breadth and cube of the depth 

96KX8X1 

16*? 
Lei the breadth be 2*5 inches : therefore. — = 65*2 : 

2-5 

which is equal to the cube of the depth. Now the 
cube root of 65-2 is nearly 4*03 inches : this, conse- 
quently, is the depth or dimension of each arm in the 
direction of the force. 

Note. — When the depth at the rim is intended to be half 
that of the axes, use 1640 as a divisor instead of 2656. 

The teeth are as beams, or cantilevers, fixed at one end and 
loaded at the other. The rule applying airectly to them where 
the lenffth of the beam is the length ofthe teetn, and the depth 
the thickness of the teeth. For the better explanation of the 
rule, the following example is given. 

Ex, The greatest power acting at the pitch line of 
the wheel is 6000 lbs., and the thickness of the teeth 
li inch, the length of the teeth being 0-25 feet; it is 
required to determine the breadth of tho teeth. 

6000x0-25 1600 „^. ^ i. ^ ^ .. 
=s — =s 3'2 inches, the breadth required. 

212 X l-6« 477 

In order that the teeth may be capable of ofiering a 
sufficient resistance ailer being worn by friction, the 
breadth thus found should be doubled ; therefore, in the 
above example, the breadth should be 6-4, or say 6} 
inches. 

The following data are gleaned from experiments, 
which are, therefore, valuable, and of much use to the 
practical mechanic. 

RuU, — Multiply the breadth of the teeth by the 
square o( the thickness, and divide the product by the 
length ; the quotient will be the nroportional strength 

in honest power, witii a velocity of 2-27 feet per ^'^ 

14 
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Ex» What ie the power of a wheel; the teetb ^ 
which are 6 inches broad, 1*5 inch thick, and 1*8 wci^ 
long, and revolving^ at the velocity of 3 feet per second ? 

•6> X 6 Jd'5 

= = 7'd. strength at 2*27 feet per second-; then 

1-8 1*8 

7'5 X 3 
2-27 : 7-6 : : 3 = -— = 9 91 horses' power. 

2-27 

Rule, — The pitch is found by multiplying the thick- 
ness by 2*1, and the length is found by multiplying the 
thickness by 1*2. 

Ex. The thickness being 2 inches, what is the pitch 
and length ? 

2x2-1 = 4-2, pitch. 
2x 1-2 = 2-4, length. 

Note.'— The breadth of the teeth, as commonly executed by 
the best mechanics, seems to be from about twice to thrice the 
pitch. 
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28-54 


8-57 


1-7 


6'8 


2*04 


9*63 


12-72 


25-54 


3-36 
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ClBCmVWKXStCMS 0T CIRCLES. MS 



TABLES 

or THB 

aRCUMFERENCES OP CIRCLES, 

TO THI 

NEAREST FRACTION OF FRACTICAL MEASUREMENT; 

ALtO THC 

AREAS OF CIRCLES 

IN INCHES AND DECIMAL PARTS, LIKEWISE IN 
FEET AND DECIMAL PARTS, AS MAY BE 

REQUIRED. 



Rules tkioA jnay render the f4Mowmg TcMes more genr 

erally ustfvL 

1. Any of the areas in inches multiplied by •04328, 
or the areas in feet multiplied by 6-232, the product is 
the number of impe rial galloo8_at 1 foot in depth. 

2. Any of the areas in feet multiplied by •03704, the 
product equal tfie number of cubic yards at 1 &ot in 
depth. 

3» The area of a circle in inches multiplied by the 
)«s(^ or thickness in inches, and by •263, the product 
•qual the weight in lbs. of cast iron. 

iVble.— The French cubic metre, or unit of solid measure, 
equal 36*31716 Enffiish cubic feet. Also the litre, or unit for 
ineasures of capacity, equal 61-028 English cubie inches, or 
about *463 of an imperial gallon. -^ 
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•^ 



PtaLia 

Incli. 



21 

21 

2U 

21, 

21 

21J 

21 i 



Cir.iii 
ft. In. 



4 
4 
4 

4 
4 1( 
4 ]< 
4 1< 
4 111 







Area in 
sq. incb* 



264-469 
258-016 
261-387 
265-182 
268-803 
272-4*7 
276-117 
279-811 



283-529 
287-272 
291039 
294-831 
298-648 
302-489 
306-365 
310-245 



314-160 
318-099 
322-063 
326-051 
330064 
334-101 
338-163 
342-250 



346-361 
350-497 
364-657 
358-841 
363-051 
367-284 
371-643 
375-826 



380-133 
384-465 
388-822 
393-203 
397-608 
402-038 
406-493 



Arm In 
sq. ft. 



1-7812 
1-8061 
1-8311 
1-8562 
1-8816 
1-9071 
19328 
1-9586 



1-9847 
1-9941 
2-0371 
2-0637 
2-0904 
2-1172 
2-1443 
21716 



21990 
2-2265 
2-2543 
22822 
2-3103 
2-3386 
2-3670 
2-3966 



2-4244 
2-4533 
2-4824 
2-5117 
2-5412 
2-5708 
2-6007 
2-6306 



2-6608 
2-6691 
2-7016 
2-7224 
2-7632 
2-7980 
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Area In 
sq. incb. 



416476 
420004 
424-557 
4:29-135 
433-737 
438-363 
443014 
447-690 



452-390 
46L864 
471-436 
481-106 
490-875 
500-741 
510-706 
520-769 



530-930 
541189 
651 -547 
662-002 
672-556 
683-208 
593-958 
604-807 



616-763 
626-798 
637-941 
649-182 
660-521 
671-958 
683-494 
695-128 



706-860 
718090 
730018 
742-644 
764-769 
766-992 
779*318 



Arcfi HI 
sq. ft. 

2-8903 
2-9100 
29618 
2 9937 
3-0129 
3-0261 
3-07522 
31081 

3-1418 
3-2073 
3-2731 
3-3H0 
3-4081 
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3-7563 
3-8302 
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60T51 
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5-3264 
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10 

]0 61 

10 7] 

10 8 

10 8^ 

10 9; 

10 10^ 
10 11 
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868-308 
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1003-79 
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1075-21 
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1104-46 
1119-24 



113412 
114909 
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fL in. 
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ft. in. 




19 
19 

19 6 

19 6} 

19 7i 

19 8 

19 9 

19 9J 




Area in 
sq. inch. 



4071-61 
4099-83 
4128-26 
4156-77 
4185-39 
421411 
4242-92 
4271-83 



4300-86 
4329-96 
4359-16 
438847 
441787 
4447-37 
4476-97 
4606-67 



4636-47 
4566-36 
4696-36 
4626-44 
4666-63 
4686-92 
4717-30 
4747-79 

15 



Area in 
sq. ft. 



28-274 
28-471 
28-668 
28-866 
29-065 
29-264 

29-665 



29-867 
30069 
30-271 
30-476 
30679 
30-884 
31-090 
31-296 



31-603 
31-710 
31-919 
32114 
32-337 
32-648 
32-769 
32-970 
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Area in 
sq. in. 



4778-37 
480905 
4839-83 
487070 
4901-68 
4932-75 
4963-92 
4995-19 



5026-26 
6068-02 
6089-58 
5121-24 
2j;5l53-C0 
3jl6184-8r) 
4 5216-82 
4|62'i^-87 




'628102 
6313-27 
6346-62 
637807 
641062 
6443-26 
6476-00 
6508-84 



Area in 
eq.ft. 

33-183 
33-396 
33-619 
33-824 
34-039 
34-265 
34-471 
34688 

3i-yC6 
36 125 
35-344 
.35-564 
3b-lVA 
36-006 
:3f;-227 
3(>-450 

36-674 
36-897 
37-122 
37-3'n 
37-573 
37-700 
38-027 
38-256 
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CIKCtTMFERENCES AND 



*Dwm. lit Circuin. in 
ft. and in. ft. and In. 


Area In feet. 


Diam. in 
ft. and iu. 


Circum. In 
ft. and in. 


Area to feet 
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31 8J 


79-8540 


2 


22 6J 
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MISCELLANEOUS NOTES. 

VARNISHES. 
[From Dr. Ure's Dictionary of Arts and Manufactures.] 

White Spinf Varnish, — Sandarach, 250 parts ; mas- 
tic in tears, 64; elemi resin, 32; Venice turpentine, 
64; alcohol of 85 per cent, 1000 parts by measure. 
The turpentine is to be added after the resins are dis- 
solyed. This is a brilliant varnish, but not so hard as 
to bear polishing. 

Famish for mt Wood Toi/s of Spa, — Tender copal, 
75 parts ; mastic, 12*5 ; Venice turpentine*, 6*5 y alcohol 
of 95 per cent, 100 parts by measure ; water, ounces —^ 
for example, if the other be taken in ounces. The 
alcohol must be first made to act upon the copal, with 
the aid of a little oil of lavender or camphor, if thought 
fit; and, the solution being passed through a linen 
cloth, the mastic must be introduced. After it is 
dissolved, the Venice turpentine, previously melted in 
a water bath, should be added. The lower the tem- 
perature at which these operations are carried on, the 
more beautiful will the varnish be. This varnish ought 
to be very white, very drying, and capable of being 
smoothed with pumice-stone and polished. 

Varnish for Cabinet-Makers. — Pale shellac, 750 
parts ; mastic, 64 ; alcohol of 90 per cent, 1000 parts 
oy measure. The solution is made in the cold, with 
the aid of frequent stirring. It is always muddy, and 
is employed without being filtered. Witli the same 
resins and proof spirit, a varnish is made for the book- 
binders, to do over their morocco leather. 

Crystcd Varnish, — Procure a bottle of Canada bal- 
sam, which can be had at any druggist's ; draw out the 
cor]^ and set the bottle of balsam at a little dista ace 
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ftom the fire, turning it round several times, until the 
heat has thinned it; then have something that will 
hold as much as double the quantity of balsam ; carry 
the balsam from the fire, and, while fluid, mix it with 
the same quantity of good turpentine, and shake them 
together until they are well incorporated. In a few 
days, the varnish is fit for use; particularly if it is 
poured into a balf-^ffallon glass or stone bottle, and kept 
in a gentle warmm. T&s varnish is used for maps, 
prints, charts, dravtrin^, paper ornaments, &c. 

Thi Chinese Varnish is obtained from a tree which 
grows in Gochin-China, China, and Siam. It fonoM 
Sie best of all varnishes. 

Gold Ladser. — Put into a clean four-gallon tin 1 \\k 
ground turmeric, I^ oz. powdered gamboge, 31 IbSl 
powdered gum sandailach, | lb. shellac, and d ^alls. 
spirits of %rine. After being dissolved and strained, 
add 1 pint of turpentine varnish, well mixed. 

Red Spirit Lacker. ^^^ galls* spirits of wine; 1 Ih. 
dragon's-blood; 3 lbs. Spanish annotto; 3i lbs. gam 
sandarach ; 2 pints turpentine ; -^ made exactly as the 
gold lacker. 

The Famish of Watin, Jhr OUded wJrficte*.— Gum 
lac in grain, 125 parts ; gamboge, 125 ; dragonVblood, 
125; annotto, 125; saffi'on, 32. Each resin must be 
dissolved in 1000 parts by measure of alcohol of 90 
per cent. Two separate tinctures must be made with 
the dragon's-blood and annotto, in 1000 parts of such 
alcohol; and a proper profx>rtion of eadi should be 
added to the varnish, according to the shade c^ golden 
color wanted. 

Transfer Varnish, -— For fixing engravings or litho- 
graphs upon wood, a varnish called mordarU is used in 
France, which differs from others chiefly in containiBg 
more Venice turpentine, to make it sticky. It consists 
of sandarach, 250 parts; mastic in tears, 64; rosin, 
125; Venice turpentine, 250; alcohd, ]<KK) partEi by 
measure. 

OMfwum Mastic Varnish. — Put as much gum mMtic, 
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unpicked, into the gum-pot, as may be required ; aild 
to every 2| lbs. of gum, pour in 1 gall, of cold turpen- 
tine ; set the pot over a very moderate fire, and stir it 
Be careful, when the steam of the turpentine rises near 
the mouth of the pot, to cover with a piece of woollen 
cloth, and carry it out of doors, as the vapor is very apt 
to catch fire. A few minutes' low heat will perfectly 
dissolve 8 lbs. of gum, which will, with 4 galls, of 
turpentine, produce, when strained, 4h galls, of varnish ; 
to which add, while yet hot, 5 pints of pale turpentine 
varnish, which improves the body and hardness of the 
mastic varnish. 

Pale Brass Lacker, — 2 ^alls. spirits of wine ; 3 oa 
Cape aloes ; cut small 1 lb. fine pale shellac ; 1 oz. 
gambo^re, cut small; no turpentine; — varnish made 
exactly as before. But observe, that those who make 
lackers frequently want some paler and some darker ; 
and sometimes inclining more to the particular tint of 
certain of the component ingredients. Therefore, if a 
4 oz. phial of a strong solution of each ingredient be 
prepared, a lacker of any tint can be produced at any 
time. 

Iron-Work Black, — Put 48 lbs. asphaltura into an 
iron pot, and boil for 4 hours ; during the first 2 hours, 
introduce 7 lbs. litharge, 3 lbs. dried copperas, and 10 
galls, boiled ; add 1-eighth lb, run of dark gum, with 
2 galls, hot oil. After pouring the oil and gum, con- 
tinue the boiling 2 hours, or until it will roll into hard 
pills, like Japan. When cool, thin it off with 30 galls, 
turpentine, or until it is of proper consistence. This 
varnish is intended for the iron-work of coaches and 
other carriages, &c. 

To makJe Cloth, SUk, ^c tpaier-proof, — Mix equd 
quantities of alum and acetate of lead, and dissolve 
the mixture in a gallon and a half of boiling water. 
When t!ie solution has cooled, remove the supernatant 
liquid from the sediment, which consists of sulphate of 
lead, and it is ready for use. Any article of dress, 
when well saturated in this liquid, and allowed to ' 
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slowly, bears the action of boiling water, and docs not 
permit it to pass through, although steam and air pene- 
trate it freely. 

Cemerd for CMna^ Glass^ ifc — To 1 oz. gum mastic 
add as much spirits of wine as will dissolve it ; soak 
1 oz. isinglass in water till it is quite soft, then dis- 
solve it in pure brandy till of the consistence of glue :• 
to this add | oz. giim ammoniac, well rubbed and 
mixed. Put now the two mixtures together in a vessel 
over a gentle heat, till properly united, and the cement , 
is ready for use. It must be kept in a phial well' 
stopped; and, when about to be used, it ought to be. 
set in boiling water to soflen. 

Preparation for Silver Solution. — Take 1 pint of 
pure rain or distilled water ; add to it 2 oz. cyanide of 
potassium ; shake them together occasionally, until the 
latter is entirely dissolved, and allow the liquid to 
become clear ; then add i oz. oxide of silver, which 
will very speedily dissolve ; and, after a short time, a 
clear, transparent solution will be obtained. 

Prepcaration of Gold Solution, — Warm a pint of 
pure rain water, and dissolve in it 2 oz. cyanide of 
potassium ; then add i oz. oxide of gold ; the solution 
will at first be yellowish, but will soon subside to white. 



SOLDERS. 

For Lead, — Melt 1 part of block tin, and, when in 
a state of fd^ion, add 2 parts of lead. Resin should be 
used with this solder. 

Ihr Tin, — Pewter, 4 parts ; tin, 1 ; bismuth, 1 ; melt 
them together. Resin is also used with this solder. 

For Iron, — Tough brass, with a small quantity of • 
borax. 
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T(Mt ahawing (he Mmber of Threads to an Inch in 

V4hread Screws. 



Diam. in incheB, .^i-fffi-^iiiilHH^i 
No. of threads, .. 20 18 16 14 12 11 10 9 8 7 7 6 

Diam. in inctiss, . . 1} If 1| 1^ 2 2| 2} ^ 3 3| 3j| 
No. of threade, ..6 664j^4^443it3j|3i3| 

Diam. in inches, . . 3| . 4 4^4^41 6 54 6^61 6 
No. of threads, ..3 3 2^2|^ 2t2t2|2i2^ 

The depth of the threads should be half their pitch. 
The diameter of a screw, to work in the teeth of a 
wheel, should be such, that the angle of the threads 
does not exceed 10°, 
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RECAPITULATION Or WEIGHTS OT ▼ABIOOB 

SUBSTANCES. 



Names. 


Cubic foot hi Ite. 


CaUc taeh ia Ihn 


Cast iron . . • 


450-55 


•2607 


Wiongfit iron . . 


48&65 


•2816 


Steel 


489*8 


•2834 


Copper . . • . 


555- 


•32118 


Lead 


708-75 


41015 


Bthss • • • • • 


537-75 


•3112 


Tin 


456- 


•263 


White pine . . . 


29-56 


•0171 


Salt water (sea) . 


64-3 


•03721 


Fresh water . . 


62-5 


•€3616 


Air 


•07529 


' .— . 


Steam • • . . 


•03689 


— 



Cast Iron expands i cAffo o^ its length for one 
degree of heat; greatest change in the s£ide, in this 

climate, tiVtf ^^ i^ lengt)|; exposed to the sun's tbjb, 
j^u^if ; shrinks in cooling from ^ to ^ <^ its length ; 
is crushed by a force of ^,00fi'4Ds. upon a square inch; 
will bear, without permanent alteration, 15,300 lbs. upon 
a square inch, and an extension of tsW ^ ^ length. 
Weight of modulus of elasticity for a base of an inch 
square, 18,400,000 lbs.; height of modulus of elasttci^, 
5,750,000 feet 

Wrouoht Iron expands ttsWtt ^^ ^^ length for 
one degree of heat ; will bear, on a square inch, with- 
out permanent alteration, 17,800 lbs., and an extension 

in lengtii of tiVv i cohesive force is duninished -^jhri 
by an increase of one degree of heat Weight of 
modulus of elasticity for a base of an inch square, 
24,920,000 lbs. ; height of modulus of elastici^, 
7,550,000 feet 



wow v.-^_^_ _ T IS_ _ rti*. /. ft 



<^We^ l^,«^Vvt/lrt.Xj tt, ^iAA^Jiy^ Oc LtfC^ 



2^ lw«^ otcMAAX'^l'Cc. 

o« o sr 



u^ 



•rinorvw r^ 



17 )Oo 






OGu(tx^ 



^"n 



|AV< 



(y^CJfy^ou^ 






5 



r^ 






VAV 






!. = ■■■ 



